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Linear Static Stress - Algor's linear sta-
tic stress productenables you to capture 
complex assemblies, such as this valve 
assembly, from a CAD solid modeler and 
run a finite element analysis using last 
solver technology. Typical loadings are 
F
acceleration, temperature, 
force and prescribed displacements.
Steady Fluid Flow - Prescribed velocities 
and pressures provide the loading for this 
3-D steady fluid flow analysis of a pipe 
with a gate valve. Algor's multiple load 
curves allow for easy data entry for 
adding loading such as gravity.
It—
Unsteady Fluid Flow - Unsteady fluid 
flow of this ball valve system was ana-
lyzed using a 3-0 CAD solid model. 
Algor's unique processor solves for veloc-
ities and pressures throughout the 
dynamic event, using a specialized mesh-
ing algorithm for high velocity gradients.
DDAM . Algor's Dynamic Design 
Analysis Method enables you to analyze 
the shock response at the mountings of 
shipboard equipment such as watertight 
doors, masts, propulsion shafts, rudders, 
exhaust uptakes and portholes, as 
shown above. IrJ11
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Transient Heat Transfer - The dynamic 
effects of a transient heat transfer analy-
sis were needed for the time-dependent 
temperature loading of this heat sink 
assembly. Agar's multiple load curves 
for various loading conditions allow for 
the simulation of the thermal event. 
Mechanical Event Simulation (MES) 
with Linear Material Models - Algor's 
MES with linear material models allows 
you to represent a dynamic analysis 
while solving for kinematics, deflections 
and stresses of the structure. Analyses 
using large CAD assemblies, such as 
this rocker arm assembly model, can be 
expedited by using kinematic elements.
Nonlinear Static Stress - Algor's nonlin-
ear product helps to accurately predict 
large deformation and large strains 
caused by static loading. As seen by this 
water tank, buckling of a structure is one 
type of failure that can be exposed. 
ucts enable you to combine multiple 
analysis types into one event. Resultant 
forces from flow around this turbine were 
calculated and then projected onto the 
object for a structural analysis. Other mul-
tiphysics capabilities include combining 
heat transfer with fluid flow, heat transfer 
with static/transient stress and heat trans-
fer with fluid flow and stress.
Linear Dynamic Stress- A modal analy-
sis is one of the linear dynamic stress 
analyses performed on this suspension 
bridge. Failure can occur when the load-
ing frequency is at the structure's reso-
nant frequency. Algor's linear dynamic 
analyses accurately predict these fre-
quencies and dynamic effects.
EM 
steady-state thermal processor helps pre-
dict temperature distribution due to ther-
mal loading. Loading such as convection, 
radiation, conduction, applied tempera-
tures and surface heat fluxes can be 
added to an analysis for fast, accurate 
results. In the case of this engine casing, 
both conduction and convection were part 
of the analysis of this 3-D solid model,
Mechanical Event Simulation (MES) 
with Nonlinear Material Models - Algo(s 
MES extends lull dynamic analysis capabil-
ities to large strain/deformation analyses of 
nonlinear materials, as shown by this land-
ing gear assembly. Kinematic elements can 
be used for quicker processing. 
Piping Design and Analysts - Algor's 
piping design and analysis product 
enables you to calculate the deflections 
and stresses of this plant piping system 
and then compare the results with 
ASME/ANSI code allowables. Loadings 
can include: dead weight, thermal differ-
ences, pressure, wind loads, earthquake 
loads, time history of forces/displace-
ments, response spectrum. natural fre-
quencies and pitch and roll. 
Algor has been developing FEA software since 1978. 
In 1984 Algor was the first company
to offer FEA on PCs, which have evolved into the NT workstations of today.

Algor offers the premier FEA software on PC workstations by combining ease-of-use and affordability. 
•	 Prices start at just $975 for InCAD DesignPak. 	 I 
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CADKEV	 Pro/PARTNERS Phone: +1(412) 967-2700 
Fax: +1(412)967-2781 
All trademarks may be trademarks or registered trademarks of their respective owners. 	 California: +1(714) 564-0844Euro	 (UK)' -*44 (1784) 442 246 
E-mail: info@algor.com
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The Meterman line of test and mea-
surement instruments from Wavetek 
Meterman Test Tools, Everett, WA, 
includes multimeters, ammeters, 
testers, and bench instruments.16* 
The design of this Peugeot 406 coupe was 
created using CATIA CAD/CAE software with 
CATIA's Visualization Studio from Dassault 
Systemes/IBM (Dallas, TX). CATIA is just one 
of many CAD packages that has held its own 
in the fast-changing design and analysis soft-
ware market. New, easy-to-use, inexpensive 
solid modelers and Web-based analysis offer-
ings have altered the pace of innovation in 
CAD and CAE. Find out what leaders in the 
software market think about the future of 
the industry in our feature article on page 20. 
(Image courtesy of PSA/Peugeot-Citroen) 
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FEMLAB- MULTIPHYSICS MODELING 
Based on the finite element method, 
FEMLAB is a powerful tool for solving 
coupled systems of partial differential 
equations. In addition, FEMLAB includes 
ready-to-use applications for compu-
tational electromagnetics, fluid dynamics, 
transport phenomena, structural 
mechanics and much more.
Order a FREE Model Library! 
F EM LA B	
Visit www.femlab.com/ient 
Owl	
or call 781-273-3322 
EUROPE: +4684129500 
FEMLAB Application Specific Solutions: 
• Multiphysics 
• Structural Mechanics 
• Chemical Engineering 
• Computational Electromagnetics
COMSOL 
www.comsol.com 
FE M LAB Application Specific Solutions:
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Multiphysics 
Structural Mechanics 
Chemical Engineering 
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The semiconductor formulation can be 
derived from Maxwell's equations and 
Boltzmann transport theory. The problem 
can be formulated for three independent 
variables and strong nonlinear dependen-
cies are present. Similar problems arise in 
the modeling of photonic devices. FEMLABS 
advanced design, which allows for arbitrary 
couplings, provides engineers the flexibility 
they need to model such phenomena. 
The design of equipment that is expected 
to perform at high voltage requires care-
ful evaluation.This model studies the 
electrical properties of the insulation be-
tween the electrodes in an NV connector. 
The propagation of alternating fields is 
studied by using the j-w method, which is 
readily available to you through FEMLABs 
graphical user interface. FEMLAB includes a 
number of other ready-to-use applications 
for computational electromagnetics. 
FEMLAB is able to arbitrarily couple diffe-
rent physical phenomena. In this case, the 
heat generation in a current collector is 
studied as a function of current density. 
The current and heat balances are fully 
coupled through the dependence of the 
conductivities of temperature and through 
the heat exerted by the current passing 
through the collector. 
Electrostatic precipitators are often em-
ployed to remove particles from effluent 
gases.The electrodes in these units are 
often helical shaped. The figure shows the 
electrical field in the vicinity of the helix 
during operation of the filter.
FEM LAB KEY FEATURES 
• Flexible and powerful graphical 
user interface 
• Built-in user-friendly CAD tool for
solid modeling in I D, 2D and 3D 
• Automatic mesh generation, adaptive 
mesh and multigrid 
• Powerful solvers for linear, nonlinear 
and time dependent systems of partial 
differential equations (EDE5) 
• Extensive postprocessirig capabilities 
• Model Libraries with over fifty 
fully documented models from 
various engineering fields 
• Ready-to-use application modes for 
different engineering fields 
• Equation based modeling for arbitrary 
system of PDE5 
FEMLAB puts you 
in the frontline 
FEMLAB employs sophisticated numerical 
techniques developed by our staff of leading 
scientists in collaboration with industry 
experts from around the world.These 
scientists had a goal of making modeling 
available to every engineer and scientist. 
FEMLAB is the result of our commitment to 
putting engineering mathematics in a box. 
Order a FREE Model Library! 
FEMLAB	 Visitwww.femlab.com/ient 
or call 781-273-3322	 cc: +468412 95 00 
Reader Forum 
Reader Forum is dedicated to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question 
regarding a technical problem, or an answer to a previously published question, post your letter to Reader Forum on-line at 
www.nasatech.com, or send to: Editor, NASA Tech Briefs, 317 Madison Ave., New York, NY 10017; Fax: 212-986-7864. Please 
include your name, company (if applicable), address, and e-mail address or phone number. 
f'fASA Tech Briefs previously pub-lished a tech brief by three 
researchers at NASA's Jet Propulsion 
Laboratory called "Miniature Ring Or-
bitron Getter Ion Vacuum Pumps." I am 
interested in learning more about the 
electric field distribution to understand 
the spiraling paths of the electrons 
around the anode ring. Thank you. 
Pramod Naik 
dr.naik@vsnl.com 
(Editor's Note: The tech brief you're refer-
ring to was published in the September 1999 
issue. To get more information on the sub-
ject, visit www.nasatech.com, click on the 
Tech Briefs heading, and look under the 
Physical Sciences category. You 71 find a list-
ing for the briefs published in September 
1999, and from there, you can access the 
Technical Support Package available on 
this brief.)
I'm trying to make a humidity sensor 
using the microbending phenomenon 
by the swelling of hydrogel. The prob-
lem I'm facing is that the hydrogel gets 
very hard after a few dips, and it does 
not return back to its original form 
even after left to dry for hours. It may 
be that the ratio or type of hydrophobic 
and hydrophilic chemicals we're using 
is not right. Does anyone know of a 
source for information on the correct 
ratio for the two types of chemicals, and 
what kind of polymer would be best for 
this purpose? Any suggestions would be 
appreciated. 
RajeevJindal 
raj.jindal@hotmail.com 
I am trying to locate a source for 
shaker tables that are capable of vibrat-
ing a full-sized van. I also need to find
information on how to design a 
facility to vibrate van-sized vehicles 
under computer control. Thanks for 
any assistance. 
Carl Bertrand 
cbertran©dot.state.tx.us  
My company is looking for a material 
that will resist temperatures of 400 to 
900°F for one hour. We need the mate-
rial to protect an EEPROM chip, so 
thermal transfer must not take place, as 
is the case with ceramics. The material 
cannot contain a metal composition. 
The chip will be packaged to be about 
the size of a deck of cards. We'd appre-
ciate information on any substance that 
may work in this application. 
James Heurich 
jarnes@rfidinc.com 
ii RA CAL -HEXM 
What's in the cards? 
0	 Z 
ARINC 429 #Ij 
A Great Dealfrom Racal-Heim! 
THE REVOLUTIONARY NEW D20f 
The DATA ACQUISITION SYSTEM 
with flexibility to select 
interchangeable solid state/tape/disc drives 
in a single box solution. 
www.racal-heim,com	 racal-heimOracalusa.com
Racal Recorders, Inc. 480 Spring Park Place, Suite 1000 Hemdon, VA 20170 Tel: 703/375
.7636 or 800/431-1813 Fax: 703-375-7675 
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Heli-Coil Gall Resistant inserts provide 
high surface lubricity and reduce friction 
during assembly an average of 350/0. 
Made from Nitronic 60 stainless steel, 
they eliminate the need for lubricants and 
coatings, and the risk of contamination. 
For more information call 203-924-4121 
or visit www.emhart.com . 
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Real-Time Visualization 
of Tissue lschemia 
(US. Patent No. 6,083, 158) 
Gregory H. Bearman, Thomas D. 
Chrien, and Michael L. Eastwood, 
Jet Propulsion Laboratory 
There are many clinical settings in 
which the ox ygen content of tissue is 
needed to help in identifying, and/or 
monitoring and treatment of, areas of 
healthy, diseased, or dead tissue. Dur-
ing surgery on an organ, areas of its tis-
sue can become ischensic, and they 
could he treated instantly if they could 
be localized. The JPL team offers a 
means for easily localizing and imaging 
specific organs, providing feedback 
during surgery and treatment. A real-
time display of tissue ischemia com- 
prises three charge-coupled device 
(CCD) video cameras, each with a nar-
row bandwidth filter at the correct 
wavelength. The cameras simultaneous-
Iv view, through heamsplitters, tissue 
suspected of having ischemic areas. The 
output from each camera is adjusted to 
give the correct signal intensity for 
combining with the others into an 
image for display. Measurement at 
three wavelengths, combined in a real-
time red-green-blue video displa y with a 
real-time DSP hoard to implement 
image algorithms, provides direct visu-
alization of ischemic areas. 
Blading System and Method 
for Controlling Structural 
Vibrations 
(U.S. Patent No. 6,102,664) 
Inventor: Nhan Nguyen, Ames 
Research Center 
The reliability of an axial-flow turbo-
machine in general depends on the 
durability of its component parts. In the 
event of vibration fatigue, the blading 
system of the turhomachine can danger-
ously jeopardize such durability. The 
present invention provides a unique 
damper and method for controlling the 
structural vibrations in axial-flow com-
pressors, turbines, or fans, as in aircraft 
engines and like turbomachines that
have a stator disc and a rotor disc, with-
out affecting their aerodynamic perfor-
mance. The rotor disc defines several 
radial hubs that retain the rotor blad-
ing systems. Each of them includes a 
blade formed of an airfoil, and a root 
attachment which is dimensioned to fit 
within, and to engage a corresponding 
huh. Viscoelastic dampers are selectively 
applied to the outer surfaces of the root 
attachment on which compressive or 
shear forces are likely to develop, inter-
mediate the root attachment and the 
hub upon rotation of the rotor disc, in 
order to dampen structural vibration. 
Emergency Multiengine 
Aircraft System for Lateral 
Control Using Differential 
Thrust Control of Wing 
Engines 
(U.S. Patent No. 6,102,330) 
Inventors: John J. Burken, Frank W. 
Burcham Jr., and John Bull, Dryden 
Flight Research Center 
The object of this invention is to cre-
ate a sufficient degree of lateral control 
through differential thrust modulation 
of laterall y displaced engines, that is, 
engines equally spaced on both wings or 
both sides of the aircraft fuselage, to 
provide directional control of the air-
craft independent of longitudinal 
(flightpath angle) control and, in the 
case of making a landing approach, to 
make a safe landing when only engine 
thrust is available. Lateral control is pro-
vided in response to a heading angle 
command produced by a pilot through a 
thumbwheel or by an instrument land-
ing system. That command is compared 
to a sensed heading to produce an error 
signal that corrects the heading sensed 
after compensation by feedback signals 
from selected aircraft dynamic sensors 
to improve dutch-roll damping and 
closed-loop performance. Bank angle 
rate is included as a feedback for the 
dutch-roll damping. Yaw rate, hank angle 
and true velocity are included as feed-
back signals for efficient turn coordina-
tion and smooth change in heading. 
orl"1010,1 
Over the past three decades, NASA has granted more than 1000 patent licenses in virtualbt evesy area of

technology. The agency has a portfolio of 3000 patents and pending applications available now

for license b businesses and individuals, including these recentlt patented inventions: 
ICE RTI F I ED 1 
L IS09001.OJ 
For More Information Circle No. 404
For more information on the inventions described here, contact the appropriate NASA Field

Genterc Commercial Thchnologv Office. Seepage 12 for a list of office contacts. 
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Emhart is a world leader in the design and supply of innovative fastening and assembly 
technology. From concept through installation, whether you're manufacturing around 
the corner or around the globe, Emhart provides cost-effective solutions for assembly 
applications. Visit us at www.emhart.com
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 1 What is IT? 
Ts been in the news, on the 
Internet, and just about everywhere 
else. But what is M. Inventor Dean 
'.	 ¼') '•' 4 '
 
Kamen isn't talking about his invention 
S	 r.z
 
	
,1r	 (thought to be some type of machine) 
	
68	 V'lf 
o-	
that has technology experts predicting it 
tmq	 will be more significant and revolution-
	
:.	 ary than the World Wide Web. 
ir'L a •
Engineers and inventors around the 
m he Meterman line of more than 60 test and 	 easurcinent products from world are guessing that IT is an 
Wavetek Meterman Test Tools, Everett, WA, includes digital multimeters, T acronym for individual transport - basic and specialty testers, clamp-on ammeters, and test tools. The prod-ucts are for use in the evaluation, design, installation, production, and ajetson-style hovercraft or jet-pack. 
service of electronic and electrical equipment and systems. The tools feature 
large displays, extra fusing, safety test leads, Digi-Glo" backlighting, live voltage The theories continue to abound. What 
safety testers, warning beepers, and a line of accessories. Products include the do you think IT is? Send me an e-mail 
HD and XT Series digital multinieters for electronics troubleshooting, logic 
probes for detecting pulses and logic in electronics, bench instruments such as at linda@abptuf.org with your 
function/sweep generators, amp-clamp meters, and accessories such as test lead 
kits, cases, current transformers and transducers, and temperature probes. educated guess. 
For More Information Circle No. 756
G
co-Centers of Newton, MA, is now market-
ing a patented ethylene monitoring and 
control system that was developed under a 
Small Business Innovation Research (SBIR) 
contract with NASA's Kennedy Space Center 
(XSC) in Florida. The system originally was 
planned for use in KSC's biomedical office's 
Bioregenerative Life Support System (BLSS). 
The purpose of that project was to monitor the 
environments in closed plant growth chambers. 
As plants grow, they produce byproducts of 
ethylene and ammonia, both of which are 
harmful to plant development. A monitoring 
system is required to control the concentra-
tions and optimize plant growth. 
The monitor that Geo-Centers developed 
also has applications in the citrus processing market. It 
provides an automated, rapid means of monitoring and 
controlling ethylene concentrations in 
citrus degreening, ripening, and storage applications. 
Ethylene is used to ripen fruit, but finding the proper balance 
in ethylene concentration is necessary to reduce fruit loss. 
The system continuously monitors at multiple points within a 
fruit storage area, eliminating the need for manual sampling. It 
is the only commercially available system that monitors and
controls ethylene concentrations 24 hours a day. The economic 
impact to a packing house from fruit loss due to excess ethyl-
ene exposure may run from $15,000 to $100,000 annually. 
Units have been sold to degreening facilities in the US and 
Spain. Systems are being manufactured and sold through 
Geo-Centers' distributor, Beshaco, of Vero Beach, FL. 
For more information, contact Bruce Nelson at Geo-Centers; Tel: 
617-964-7070; www.geo-centers.com ; or contact Tom Gould at 
NASA's Kennedy Space Center at 407-867-6238. 
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Robert P. Hill, Manager, NASA Acquisition Pollution 
Prevention Program, Kennedy Space Center 
The one source for 
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K-FLEX' 
Applications: 
• EW platforms • Radar systems 
• Fighter jets • Medical systems 
• Satellites • High-energy 
• Commercial / physics 
military launch • Space exploration 
vehicles
For More Information Circle No. 405 
JA MAN 
Kaman Instrumentation
Operations 
719-635-6954
R
ul)ertP. Hill is the 
Manager of the 
NASA Acquisition Pol-
lution Prevention (AP2) 
Program based at	 - 
Kennedy Space Center 
in Florida. The NASA  
AP2 Office was estah-
lished to identify and a hieve a illiittiahI\ 
beneficial pollution prevention project, 
seeking common goals for NASA centers 
and Department of Defense partners. 
NASA Tech Briefs- How did the NASA 
Acquisition Pollution (AP2) Program get 
its start? 
Robert P. Hill: There was a need iden-
tified by the Department of Defense 
(DoD) and the CEOs of about 60 of this 
country's industrial base defense com-
panies - the Boeings, the Lockheed-
Martins and so on - for assistance deal-
ing with multiple customers sharing the 
same processing lines. In other words, 
they'd have ten different weapons sys-
tems from across the Army, Navy, and 
Air Force being plated or painted down 
the same processing line. Of course, 
each weapons system component and 
sub-component was being driven by dif-
ferent contracts. So to change the 
process, you had to change many of the 
contracts, and to change the contracts, 
you had to prove individually to each 
one of those [companies] that an alter-
native was viable. 
In order to make changes to single 
processes, they had to go back and try 
to change the manufacturing processes. 
You don't want to get something plated 
with a hazardous chemical and then 
come in and change to a clean technol-
ogy process. You have the hazardous 
waste when you strip down the old part, 
so you want to try and change manufac-
turing and maintenance at the same 
time. 
The Joint Logistics Commanders 
(JLC) - the lead logistics body of the 
DoD - authorized the creation of the 
Joint Group on Acquisition Pollution 
Prevention fJG-APP), which received in-
formal status in 1994. As the JG-APP 
began to examine processes for the 
DoD, we identified that many of NASA's 
components and parts were sharing the 
same types of manufacturing processes. 
We invited NASA to participate in the
group. In late 1997, a proposal was made 
to set tip an office at NASA to mirror the 
program we were running at DoD. With 
my experience at the DoD organization, 
I was asked to leave the Air Force and 
tin the NASA program. 
NTB: What is the main goal of the AP2 
f)1Ografll? 
Hill: We've been set up to integrate ac-
tivity for the agency in identifying com-
mon pollution prevention needs. Subse-
quently, we turn those shared needs into 
single-level-of-effort projects where they 
affect multiple NASA sites, or, if there is 
a NASA activity that is common to an Air 
Force or Navy activity, we link the two to-
gether and start a common project. 
NTB: What major successes have you 
achieved at AP2 since its inception? 
Hill: We've established a single point 
of integration for targeting all the needs 
within the program offices, the enter-
prises, and the institutional centers. In 
the past, there was no mechanism to de-
termine, for example, that Marshall 
Space Flight Center has a chrome plat-
ing process, and so does Kennedy. What 
we're finding is that we may have four or 
five NASA centers that have the same 
need, and one of them already has 
solved the problem. 
NTB: Has any of your research and in-
formation been applied to commercial 
manufacturing? 
Hill: No Joint Group on Pollution Pre-
vention (JG-PP) project can be propri-
etary in nature. We're working in an 
open environment and industry has re-
sponded well to us. We tested for Boeing 
a non-chrome primer a couple of years 
ago on the F-15 and several weapons sys-
ten1s. We took the results to Boeing and 
they painted a couple of doors on some 
Delta AirLines aircraft. There are several 
Delta airliners flying today with this non-
chrome primer on their entrance doors 
as part of the flight-testing to determine 
if the primer can he used as part of the 
construction and maintenance process 
for future aircraft. 
A full transcript of this interview appears 
online at www.nasatech.com. Mr. Hill can 
be reached at Robert.Hill-3@ksc.nasa.gov . 
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IF YOU ANSWERED YES, YOU MAY WANT 
to consider the StorCase Info 
Station' 9-bay RAID enclosure. Opt to 
add our Fibre to SCSI RAID Controller 
Module, and enjoy the connectivity, 
throughput and SAN compatibility 
benefits of Fibre, using your existing 
SCSI drives. 
InfoStation -- ready for the future when you are comes with 
all of these standard features	 and more: 
• 9 removable, Wide Ultra 160, SCA drive carriers 
• Audible and visual alarms 
• Configurable backplane, supports up to 4 host interfaces 
• 110 repeater module for multiple hosts and cascading 
• N+1, hot-swap, self-monitoring blower and power supplies 
• Slots for future, SES. NAS and SAF-TE upgrades 
• Programmable User Interface
Shipping 1211/00, or sooner, our all inclusive, OS-independent, 
plug-in Fibre to SCSI RAID Controller Module includes: 
• Dual lGbitlsec FC host, quad LI 160 device (20) configuration 
• Supports 1 Gbit/sec FC-AL and FC-SW 
• Supports up to 60 devices; up to 24 arrays, 32 LUNs 
• Supports RAID 0,1, 0/1, 3, 4, 5, 10 orJBflD 
• Includes 128MB cache memory 
• Data transfer rate of over 18,000 lOPS ¶
	
;. 
• (NiMH) cache battery back-up interface 
• Online Capacity Expansion (can add dcvi T' iuciig I/O activity) 
Call a StorCase representative at 1(800) 337-8421 and find out how 
you can make the jump and take advantage of what Fibre has to offer 
without all of the associated costs
! storch ase'" 
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The Internet and various market factors will continue to affect the pace 
of new innovations in CAD and analysis software. 
D
esign and analysis software c - the 
words often are used together, but 
the truth is, they are two very dif-
ferent types of soft ire for' two 
very different users. And if \ou ask soft-
ware vendors - which we (lid - they 
have very different ideas of where the 
CAD (computer-aided design) and 
analysis software markets are heading, 
thanks to the Internet, market consoli-
dation, and other factors. 
CAD software builds the geometry, or 
what the product should look like. 
Analysis software answers the question Of 
whether or not the product will work. 
The best-case scenario is to have the 
products so tightly integrated that engi-
neers can move seamlessly between the 
two. But in the real world, what good is 
finite element analysis (FEA) to a de-
signer if he or she isn't capable of using 
it? It's not much good at all, according to 
Michael Bussler, president and CEO of 
Algor, Inc., which develops FEA, motion, 
and stress analysis software. 
"A company spends a lot of money 
training a CAD operator, but it's proba-
bly not going to spend that money cross-
training an engineer to become a CAD 
operator," explained Bussler. "CAD has 
to do with geometry and making parts, 
and engineering has to do with deciding 
how the design should be - if it's okay 
from a stress standpoint. These things 
really don't integrate." 
So CAD software is for designers and 
analysis software is for engineers, and 
never the two shall meet. Not so, said 
Marc Dulude, President and CEO of 
Moldflow, a vendor of plastic simulation 
analysis software. "In the past, the term 
'design software' has been taken fairly 
narrowly to mean geometric construc-
tion. So a CAD system would be the only 
thing that would fall within the design 
category. I think increasingly, people are
broadening that definition of design to 
mean that the geometric construction is 
oiil one part of the design process.' 
a result, CAD vendors are integrat-
ing more analysis fCatL11CS illto their soft-
ware, and analysis software vendors are 
making their programs easier to use for 
both designers and engineers. For exam-
ph. \lg of fers the InCAD" line of plug-
imis that add into the menus of many solid 
modeling proglaIim' to apture the exact 
CAD model memory within Algor without 
translation to a CAD 
standard neutral 
file. The model1 
then can be used for 
FEA, stress, fluid 
flow, heat transfer, 
or any other analysis 
function within	 10 
Algor. Ansys has de-
veloped its Design-
Space analysis tools 
for designers and 
engineers with mini-
	
IL mal to no experi-ence in traditional  FEA. Using engi- neering process wiz- ards, DesignSpace 
takes users through 
a step-by-step process to find stress, ther-
mal results, and other information. 
Most major CAD vendors now provide 
FF.A, stress, motion, and other tools 
through partnerships with analysis soft-
ware companies. Unigraphics Solutions' 
Solid Edge Voyager Program consists of 
companies that integrate their hardware 
and software seamlessly with the Solid 
Edge modeling program. Algor, Ansys, 
Moldflow, MSC Software, and Structural 
Research and Analysis (COSMOS analy-
sis products) are some of the leading 
analysis software vendors participating in 
the program. Many of the same compa-
nies also are SolidPartners, which is 
SolidWorks integration program. 
MSC takes its CAD integration a step 
further. The simulation and analysis soft-
ware provider offers visitalNastran 4D, 
which, according to Ryan Withop, prod-
uct manager of MSC's e-visualNastraii 
line, lets users run a finite element analy-
sis on a single part within a CAD system. 
"We have a product that works inside 
[Autodesk's] Mechanical Desktop, one 
that works in SolidWorks, and another 
that runs iii Solid Edge." Said Withop, 
the next step will he to "run a finite ele-
ment analysis over the Web through our 
SimulationCenter through your CAD 
system. It would take the CAD geometry 
and transfer it to the Web, where you can 
run your analysis online." 
What's On the Web 
Offering analysis software online 
means different things to different com-
panies. MSC. for example, offers their 
simulation and analysis tools online on a 
project-by-project basis. Their cus-
tomers, according to Robert Swette, di-
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Instrument Control Toolbox 
Filter Design Toolbox 
Financial Derivatives 
Toolbox 
Real-Time Workshop 
Embedded Coder 
Simulink Performance Tools 
MATLAB 6 
The next generation. 
Announcing the newest release of the leading technical computing software for 
engineers and scientists. The new MATLAB 6 
product family features more than 30 new and 
updated products for data acquisition, analysis, 
algorithm development, and code generation for 
The new MAIL40 desktop interlace provides embedded systems, as well as design of large-scale 
easy and intuitive access to all of the 
powerJid features in new M.rLAn 6.	 control, DSP, and communications systems. 
The next generation of MATLAB is available now. See what it can do for you. 
For product demos and technical information on the new MATLAB8 
MATLAB 6 family of products, visit www.mathworks.com/ntbr.	 SIMULINK 
Math Works	
,. 
tools support signal
 
and image processing,	 - 
simulation, and  
design fora variety 
" t applications. 
The 
MATH 
or call 508-647-7040	 U	 mooTheMathworks,!n.  
Visit www.mathworks.com/ntbr
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HIGH FLOW pressure control to 30,000" scfm! 
• Inlet pressures up to 6,000 PSIG 
• Control pressure ranges of 1-6,000 PSIG 
• Heavy duty construction - choice of brass or 316 SST 
• Modular construction style allows easy servicing 
• Inlet and outlet port sizes to 11/4" 
• SAE, NPT or MS 33649 ports are standard 
• Welded flanges available	 Come visit us at 
•	 •.,•'•.o• 
Booth #7333 
Cv = 5.0 0 
¶4	
sl 
rector of Strategic Marketing, may only 
need analysis software for the duration 
of a project, whether it's a month or six 
months, and do not want to invest in 
purchasing the shrink-wrapped software. 
"Another group," said Swette, "is those 
that have never used FEA before. This is 
a way for them to try it." Customers like 
to have the software resident on their 
computer for security reasons. For them, 
MSC offers an on-demand license. "They 
come to our engineering-e.com site, and 
buy the license for a week or a month," 
he explained. "We send them an autho-
rization and they're up and running."
Bill McClure, director of the Solid 
Edge Line of Business for Unigraphics 
Solutions, agrees that the success of 
such pay-as-you-play software depends 
upon the market and the type of soft-
ware. "Markets like AEC [architec-
tural, engineering, construction] are 
project-oriented businesses, so they 
are more likely to pay as they go. It also 
depends on the type of tool and how 
often you use it," explained McClure. 
"Manufacturers will want to own their 
own core design tool. They may want 
to lease or rent an analysis product as 
they need it."
Algor's Bussler believes that it's not so 
much how you deliver it, but what you 
deliver. Algor software "will continue to 
be delivered in the least expensive way 
possible," he said. If his customers want 
to get their software via the Internet, 
"we'll give it to them that way. They can 
do that today with us if they want." 
While most CAD vendors use the Web 
to sell their software, they have varying 
ideas on when and under what condi-
tions customers actually will be down-
loading software directly from a web site, 
marking the end of the shrink-wrapped 
product. Robert Bean, president and 
CEO of CADKEY Corp., sees an impor-
tant distinction between downloading 
and using software on the Web. "I've 
seen some predictions that say in three 
years, people will be downloading most 
software over the Web instead of in-
stalling a CD. But running over the Web 
is a different story. I don't see that hap-
pening anytime soon. I don't see user de-
mand for it. Most companies are very 
wary about operating over the Internet 
with proprietary information." 
Moldflow's Dulude agrees that secu-
rity is a major issue in running software 
over the Web. "Very few people are going 
to allow their proprietary
 data models to 
leave their firewall. They do not want to 
put their models on somebody else's 
server." He also feels that even with high-
speed Internet connections, download-
ing large CAD models can be problem-
atic. "If you take a large data file that 
needs to be moved across the Internet, 
few people are prepared for the kind of 
slowdown they'll see." 
Performing relatively simple design 
and working on 10,000-part assemblies 
are very different tasks, especially as far 
as the Web is concerned. And while com-
panies like Autodesk see the inevitability 
of Internet downloading of CAD, there 
are logistical concerns. "I do think that 
what is on the desktop today will ship to 
Internet. That is what we perceive as our 
next environment," said Robert Kross, 
vice president of Autoclesk's Manufactur-
ing Division. However, it won't be an 
overnight process. "We'll go through 
some internally hosted services and then 
we'll go to the general Net." 
While it may be some time yet before 
Web downloading of CAD is common-
place, software vendors are taking ad-
vantage of the Internet in a myriad of 
other ways. Algor, for example, not 
only sells its products via the Internet, 
but also offers demonstrations and 
training in the form of Webcasts. A 
weekly, live demonstration on the In-
ternet instructs viewers on using FEA 
and other analysis products. Viewers 
22	 For More Information Circle No. 406 or Visit www.nasatech.com/406 	 NASA Tech Briefs, March 2001
- 00:::^^
11!
 
SureAre you 
you have a 
Good Design? 
4	
1¼ 
Will it overheat? Will the stresses be too 
high? Will it break? If you are designing 
your models without using analysis, you 
could be risking a potential part failure - 
without even realizing it. 
Don't take unnecessary chances with your 
design. Use COSMOS/TM throughout the 
design cycle to help identify potential 
problems before it's too late.
With COSMOS!, engineers are building 
better, more cost efficient products while 
taking weeks, even months off of the 
design cycle. 
COSMOS/ tackles even the most complex 
design tasks, while being intuitive enough 
for any engineer to quickly learn and use, 
regardless of previous experience. 
For information on how COSMOS/ can help 
you work smarter instead of harder and a COSMOS/WORKV----  FREE 15-day trial, call us today at 
COSMOSMESIGN STAU-	 1-800-469-7287 or visit us online at www.cosmosm.com .
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can phone in or e-mail questions to he 
answered by Algor engineers during 
the Webcast. Web Courses provide in-
struction on a variety of topics, and 
use full-screen graphics and broad-
cast technology to place instructors 
"inside" the software. "The Internet 
gives us the opportunity to sell our 
products through demonstrations over 
the Internet, and we've found that 
today we're delivering more training to 
more people for less money with our 
Internet-based Web Courses," Bussler 
explained. 
In a similar vein, MSC offers its own 
knowledge databases online. "Some of 
our customers dial in to our system to 
interrogate our internal databases to 
find the solution to a problem. We can 
take over a customer's terminal and 
work with him on a specific project, 
seeing what he can see," according to 
Richard Bush, director of marketing 
communications for MSC. "We pro-
vide Wehinars to talk through the 
demonstrations." 
Communicating with customers, and 
allowing customers to communicate with 
each other, are further enabled by Inter-
net technology. "The biggest impact of 
the Internet, in our view, is in the areas 
of supporting our users and communi-
cating 3D data to other people," said Jon 
Hirschtick, CEO of SolidWorks. "We 
have a knowledge database, online train-
ing materials, support over e-mail, web-
based publishing tools to interact, web 
casts, and interactive phone and web 
use. I think it will be a huge impact on 
support and training." 
While he does not believe in the In-
ternet as a delivery mechanism for CAD 
software, Joe Costello, president and 
CEO of think3, makers of thinkdesign 
CAD software, sees huge potential in
- - ther applications 
Id the Web. "The 
truth is that the In-
ternet has a tremen- 
	
I	 bus role to play in \I CAD as a funda- '( mental communica- ion vehicle. That's he key. We use it for 
ustomer service 
support, and it 
i, a great tool to get 
	
I	 people working to--ether. You have to use the new Web 
-	 technology and see 
how it's best going 
to fit into this envi-
ronment." 
Explained Das-
sault Systemes' 
marketing director, Pierre Moreau, the 
company's new release of CATIA, cou-
pled with other Dassault products, of-
fers customers "a unique collaborative 
tool to support digital product creation 
from concept design to maintenance in 
service." This combination of CAD soft-
ware (CATIA), data management soft-
ware (ENOVIA), and other products - 
called Product Lifecycle Management 
(PLM) - supports collaborative and 
distributed engineering via Internet 
technology. 
A Leap of Faith 
When we talk about using, distribut-
ing, and sharing CAD data, we usually 
think about 3D solid models. The truth 
is, anywhere from 60 to 85 percent - 
depending upon whom you ask - of 
design engineers still use 2D software 
to design their products. Even with the 
proliferation of affordable, easy-to-use 
3D solid modeling packages, users are 
reluctant to change. Again, it's a matter 
of the type of application and the tools 
that are needed. 
"There are cultural changes to be 
made going from 2D to 3D," said 
Hirschtick. "People tend to think that 
if the software's easy enough to use, 
that's the whole story. When someone 
moves to SolidWorks or any brand of 
3D CAD software, they're not just 
changing software. It's a change in how 
you do things." And it's not the cost, ei-
ther, according to Hirschtick. "It's 
being confident that they are going to 
be successful with it. Look at the adop-
tion curve of PCs in homes - why did-
n't every home have a PC? Was it that 
they were too hard to use? No. It's a lit-
tle naive and self-centered to think that 
we as software vendors - if we make 
the software totally easy to use and free
- could make everyone switch tomor-
row. It's the psychology of people." 
But the 2D stalwarts aren't going 
away, said (ADKEY's Bean. "About 50 
percent of our customers just do 2D 
drafting with CADKEY [a 3D solid mod-
eler]. The reason is that the design work 
they do is simple enough that all they 
need is 2D. In smaller companies that 
do very large projects, much of their 
work is done in 2D." 
The switch from 2D to 3D remains a 
fear factor with man y
 design engineers; 
with others, it's a matter of the learning 
curve outweighing the benefits. Kross 
recognizes that while Autodesk contin-
ues to sell 2D products, they want to 
make it easier for customers to shift to 
3D. With Inventor solid modeling soft-
ware, Autodesk has created a platform in 
which users can still perform 2D design 
while migrating to 3D, allowing them to 
keep their comfort level while they make 
the transition. "I think one of the big 
things is that the perceived risk of de-
signing in 3D is much lower than it used 
to be," said Autodesk's Kross. "Not long 
ago, it was the 'lunatic fringe' that de-
signed in 3D - everybody else was mak-
ing 2D designs. Now it's perceived to be 
the safe way of doing design." 
People still get scared about using 
CAD packages because they're so com-
plicated, according to Costello. "Until 
you get to the point where people have 
no fear and know that they can easily 
transform their design, why should it 
he so hard for people to express them-
r	 I	 I 
LN '.-.	 I.	 I 
A 2D Aut0CAD drawing is used as a subassembly 
component in an Autodesk Inventor assembly 
model. The capability lets users lay out assembly 
mechanisms and test them without having to model 
the entire assembly first. 
selves in mechanical design packages?" 
Over time, what CAD vendors want, 
Costello believes, is to put the incredi-
ble power of 31) design in the hands of 
everybody - "mass 313" as he calls it. 
"Don't train the human to use the 
product," he said. "Let the machine do 
the work and let the humans focus on 
what they're good at - the creative 
side of things." (continued on page 26) 
Algors Webcasts use the Internet to fill the demand for engineering software 
education with full-screen, TV-quality video. Engineers can perform a variety of 
FEA analysis in an Integrated environment within the CAD package. 
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Accord ing to Coste llo, th e 3D CAD 
indu tr y has a long way to go in making 
3D CAD a product for the ma se . That 
won't happen , he aid, unti l a u er "can 
take something that exi ts and modify it, 
stretch it, hape it, change it, morph it, 
and use it for a new function in minutes 
- not days, not weeks, not month ." 
"We have to continue to make soft-
ware easier to u e and more intuitive," 
Bussler added. "The software has to 
ha ndl e easily a wider and wider range of 
things that can be simulated in a 'what-
yo u-see-is-what-yo u-ge t' sLyle. If some-
o ne makes widgets, he wants th e oft-
ware to be able to model and analyze hi 
widgets, and how him if they' ll pass or 
fa il from a stress tandpoint. " 
Bean agrees th at th e re i room for 
improvement in the use r inte rface . 
"There is always a way to make thing 
easier. The facL is, it till takes peop le an 
awfully long time to learn a mid-range 
pa rametric CAD product. Th e currel1[ 
mode that i prevalent in design ing 
in parame tric mode i ti ll very co n-
straining. " 
Both analysis and design software 
companies face the problem of making 
an ea y-to-u e product at an affordable 
pri ce . As wi th man y markets, fro m con-
lImer e lectronics to breakfa t ce reals, 
th e re is th e ingrained be li ef Lh aL "you 
g t what you pay [or. " To many, design 
and analys is oftware i no different. 
"There unfortun ate ly is th is noti on tbat 
Lhere i someth i ng of a con trad ictio n 
between what is lower in cost and eve ry-
one ha acce to , and havi ng less fun c-
tion - high function should be high 
cost," said Costell o. 
To keep custo mers, software vendors 
need to consisten tly give th em what th ey 
wanL. The problem with ati fying cus-
to mer , though , said McClure, i that 
software ve ndor "have a pro pen ity to 
de livel- more technology than our u ers 
can u e. " 
Co te llo agrees Lhat custo mers a re 
getti ng what vendOI- th ink the cu-
tom er needs and wants. Conu'ary to 
what many vendo rs ay, Coste ll o ex-
plained, customers "are not demanding 
new software ca pabi lities, and, by God, 
th ey shou ld be. What customers wan t is 
to have the ir e ntire team using ad-
vanced 3D. They need a real power tool 
in their hands." 
Accord ing to Ri ha rd Cooke, vice 
pre id ent of engineering for Resear ch 
System, a supplie r of data visua lizatio n 
software, empowerm e nt is the key to 
keeping use rs happy. "Cu tomers wanL 
h ig he r leve ls of au toma ti on - a way 
to do th e j ob quickly with Ie ski ll ed 
peo ple." 
www.nasalech.com 
Surviving - And Thriving 
Design and analys is software have both 
come a long way since high-end products 
like PT ' Pro/ ENGI EER first hit th 
market. Mid-ran ge products like o lid-
Work and Solid Edge burst onto th e 
scene about six years ago as a tota lly dif-
ferent type of solid modeling paCkage, 
and today, programs like think3's 
thinkdesign are making waves a th e ulti-
mate in ea y-to-use CAD. 
Wh ere does the indu try go from 
here? A recognized consolidation in th e 
CAD marke t and status quo in th e analy-
si marke t don ' t eem to bode we ll for 
software innovation. But the next great 
thing could be right around the corner, 
according to Costell o. "There i tons of 
room for innovation, " he a id. "It irri-
tate me when I listen to lead ers in the 
indl.l try ay that all of the high-end CAD 
problems a re olved ." The bigge L inno-
vation , he believes, wi ll have to come 
from new compan ies. "The current CAD 
companies have gotten tired . T here i no 
room [o r g rowth fo r th em un less they 
change . There i room for a n ew crop of 
compan ies th at will come along and re-
al ly turn th e industry upside-d own. " 
Cu tomers and vendors a like wi ll 
know that type of inn vation when they 
ee it, a id Hirschti ck. 'When you first 
saw AutoCAD ve r us the mainframe 
CAD systems, that wa new and different. 
IDL (Interactive Data Language) visualization software 
from Research Systems produces simulations such 
as this simulated model of the Earth's core, mantle 
conversion data, and surface shaded relief. 
When you first aw Prol E, that was new 
and differe11l. I th ink when you first saw 
SolidWork, that wa new an d different. 
You didn ' t have to spend more than 30 
second to realize that these products 
were differen t. " 
The analysis software marke t could ex-
perience its own re urgence, said M 's 
Bush . "The analy is ide of the market 
ha been shrinking for a number oEyea l-
now, bUL th ere are always opportuniti es 
for n w vendors to enter the fie ld. " 
(coni inued on IJage 28) 
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ADVERTISEMENT 
NASA White Sands Testing Laboratory 
Announces results for Oxygen-safe Thread Sealants 
FORMULA-8 and LOX-8 oxygen-safe thread 
sealants have recently been tested at NASA's 
White Sands Testing Laboratory. Each product 
was subjected to a two-part test; 1) Auto-ignition 
for temperature and 2) Mechanical Impact for 
pressure. The results were incredible! 
The auto-ignition tests prove these thread 
sealants can withstand temperatures over 
800°F/450°C. The impact tests confirmed a 
pressure limit over 3000psi on each product 
without a hint of reactivity. 
This is confirmed over-whelming proof that either 
LOX-8 or FORMULA-8 can be confidently used 
in high pressure oxygen systems without concern. 
Both products are 
oxygen-safe and 
chemically inert.	 fl:1.iZ2 
LOX-8 was, 
specifically
 
designed for severe	 ..'.• . 
high pressure 
applications where r.. 
a g g r e s s i v e - 
chemicals such as 
chlorine or powerful oxidizers are present. LOX-
8 is recommended for use under wet conditions. 
For applications that involve large diameter pipes 
and/or uneven, broken threads, use SUPER LOX-
8. It has all the same qualities as regular LOX-8, 
with the addition of 
larger particles to help 
liii the voids and gaps 
'	 that can occur with 
irregular threads. 
FORMULA-8 is AGA 
certified (now known as 
SA") - perfect in 
natural	 gas
applications. It is specifically formulated for dry, 
applications such as welding, gas bottle valves, 
oxygen distribution and hydraulics. 
These thread sealants are manufactured by 
Fluoramics Inc. of Mahwah, N.J. Fluoramics is: 
known in the industry for their impeccable1 
credentials and high technology products. Our 
"Tufoil" product line consists of lubricants and 
greases for applications ranging from high 
temperature greases for high-speed rotating 
machinery to lubricants made specifically for 
applications where corrosion and rust are a 
problem. In 1996, "Tufoil" was chosen by the 
Guinness Book of World Records as "The 
World's Most Efficient Lubricant" and 
published in their Science/Technology section. 
The record still stands today. 
One of the most exciting 
products to come out of 
the laboratory is 
Industrial Tufoil. In 
forklifts, machinery and 
compressors, the results 
are spectacular! Friction	 4!1(oi/ 
and wear are reduced	 . 
dramatically - and so is 
down-time. And when 
down-time is reduced, production is increased! 
Industrial Tufoil is so efficient, just 10% into the 
sump/crankcase is all you need - that makes it 
economical, too! 
Engineers are now available to answer your 
questions and help you determine which product 
would be best for your specific application. Call 
Fluoramics at 1-800-922-0075 or 201-825-8110 
for more information and ask for a free sample. 
You can also visit us on the web at 
www.fluoramics.com 
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VThere is a vast difference between sur-
viving and thriving. According to Kross, 
"you can't just be a CAD vendor. I think 
it's a broadening of the playing field." 
For example, Autodesk, he said, is trying 
to become more of a manufacturer's 
supplier. "If you look at your customers, 
what's their need for design and design 
data? It goes much further than just the 
designer that you're after. It's all the peo-
ple who can touch that data." 
There's always room for improvement, 
both in the way software companies de-
sign their business model, and in the 
products they offer to their customers. 
"In this market segment, we want to al-
ways look at doing more things," said 
Hirschtick. "But the fact is that we don't 
do the core activities well enough yet." 
Costello believes it's all about reinven-
tion. "The winners re-think - they look 
at the marketplace and the customer 
problems and ask how they're going to 
take it to the next level. We said, 'What's 
it going to take to make widespread use 
of 31) happen?' And we built our com-
pany - every piece of it - around how 
you can make that real for customers." 
He vows that think3 will be one of the 
CAD companies that continues to push 
the envelope. "You can learn extremely 
complicated things with a more interest-
ing approach than the dry, boring tech-
nical approach. There's no reason you 
can't have fun and do something great." 
Get Connected to the Companies 
Featured in this Article: 
Alger, Inc. www.algor.com 
ANSYS www.ansys.com 
Autodesk www.autodesk.com 
CADKEY Corp. www.cadkey.com 
Dassault Systemes/IBM www.dsweb.com 
Moldflow www.moldtlow.com 
MSC Software www.mscsoftware.com 
PTC www.ptc.com 
Research Systems www.rsinc.com 
SolidWorks Corp. www.solidworks.com 
Structural Research & Analysis 
www.srac.com 
thlnk3 www.think3.com 
Unigraphics Solutions/Solid Edge 
wwwsolid-edge.com 
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RTS streamlines your fiber optic measurement tasks! 
• No mandrel wraps 
• Compatible with all simplex, duplex, ribbon and other multi-channel 
connector types 
• Handles straight patch cords, fan out and breakout cables 
• Single-mode and multimode versions available 
• Insertion loss and return loss measurements at a single mouse click 
• Automated serialization and label printing 
• Generates customized test reports and certificates 
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Optimal performance. 
Precise control. Rapidly 
changing conditions. 
That's what kayaking is 
all about. Maybe that's 
why Perception engineers 
love 
Powerful modeling tools, ease-of-use, 
and affordability made thinkdesign an easy 
choice for Perception Kayaks.
Today's freestylers 
don't have the patience 
for year-long devIoprrt 
,cles They want what the 
pros ride, right now. 
Perception understands. 
To stay the market leader, they 
Cut new model development 
time by half. With thinkdesign. 
Its powerful solid and 
surface modeling tools let 
them quickly visualize radically 
changing surfaces without 
sacrificing control. (Try form-
ing that nose piece in a solids-
only modeler!) As Perception's 
Charlie Sagraves put it: 
"Someone finally broke loose 
to deliver powerful 3D tools 
that every engineering group 
can afford to use." 
With a learning curve 
like your first whitewater ride. 
Breathtakingly fast. 
And you're grinning all the way! 
Call today for a demo 
For More Information Circle No. 550
	 800.323.6770 www.think3.com
NASA Tech Briefs Publisher 
Launches "Quick Quotes" to 
Connect Buyers and Sellers of 
Custom Manufacturing Services 
Web marketplace streamlines, speeds eProcurement 
T
he mission of NASA i'c/i BrieJs is to inform industr y
 of 
opportu iii ties, both business and technological, that can 
make their jobs easier, open doors to new commerce, 
and help solve engineering and manufacturing problems. As 
the world becomes smaller via the Internet, a vital eProcure-
ment service - MfgQuote' Marketplace - has been created 
to address the Request for Quote (RFQ) needs of the custom 
manufacturing sector. We are proud to announce an exciting 
new Web site called Quick Quotes (www.nasatech.com/  
quickquotes), which accesses the MfgQuote Marketplace de-
veloped by ManufacturingQuote, Inc. (Smyrna, GA), a lead-
ing eProcurement platform provider. 
Quick Quotes links buyers and sellers of custom inanufactur-
ing services, such as CNC machining, molding, casting, or rapid 
prototyping. Members easily can post, receive, and manage 
RFQs using Quick Quotes to interact with vendors and suppliers. 
find If buyers cant  an off-the-shelf part to fit their needs, they 
can use Quick Quotes to find ajob shop to make a custom part. 
Unlike other procurement Web sites that primarily offer, bid, 
or auction industrial hard goods and standard parts, Quick 
Quotes is a private negotiating channel for manufacturing ser-
vices. In response to enormous user feedback, the MfgQuote 
Marketplace recently broadened its manufacturing segments to 
include over 100 custom manufacturing disciplines. 
The MfgQuote Marketplace launched on February 14, 2000, 
and has attracted over 1,000 members - both buyers and sup-
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Using the RFQ Wizard, in only two or three steps, you can upload CAD data or other docu-
mentation to define the scope of a project.
all if,, it-a
automatically search for RFQs that meet a supplier's expertise and capacity. 
pliers - and received over 540 million in quotes for custom fab-
ricated components. Buyer members are diverse and include 
Fortune 1000 companies such as Motorola, Whirlpool, BMW, In-
gersoll-Rand, Parker Hannifin, Gardner Denver, Payload S-
tems, Dresser Industries, and Purolator. Unlike some other 
buyer/seller eMarketplaces, Quick Quotes does not charge a 
commission on jobs placed, but rather a flat membership based 
on level of selected services. Buyers can post RFQs absolutely free 
of charge. 
"Quick Quotes is the perfect venue for manufacturing compa-
nies with buying power to solicit a competitive deal with qualified 
job shops," stated Mitch Free, president of ManufacturingQuote, 
Inc. "Quick Quotes is easy
 to navigate with state-of-the-art secu-
rity. Companies can post and search RFQs 24 hours a day. Our 
eMarketplace is a 'win-win' for both buyers and sellers looking to 
improve their bottom line and reduce the total bidding process 
from weeks to days." 
Solution–Level Services 
Quick Quotes allows buyers to conduct a confidential quoting 
process to procure the best value in cost and quality from partic-
ipating suppliers. More than a matchmaking ser vice, the Web site 
introduces sophisticated features for Collaborative Procurement 
Management (CPM) - online software toolsets designed to uti-
lize the Internet to automate traditional offline procurement ac-
- _____
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For more information on how

you can unleash the power,
speed and accuracy of
Mathcad 2001, visit our 
website www.mathcad.com
or give us a call at 
1-800-628-4223. 
—Wil 
I
Complex 
calculations 
are hard. 
Mathcad® 2001 is the most powerful 
toot for applying mathematics avail-
able today. Reach solutions, document 
results, and complete designs the way 
more engineers and organizations 
do. Now, Mathcad offers organizations 
the best price/performance value of 
any calculation package. 
With Mathcad 2001, you get enhanced 
Web publishing and workgroup col-
laboration tools, support for HTML 
and MathML (Mathematical Markup 
Language), powerful simulation and 
modeling capabilities, full compatibility 
with the Microsoft® Office suite, includ-
ing Excel 2000, support for Visio® 
2000, MATLAB ® , and AutoCAD® , the 
new Software Development Kit and much, 
much more - all with the stability and 
connectivity that make all your technical 
projects run faster and smoother, from start 
to finish.
New 
Mathcarl 
Better. Faster. More Powerful.
Choosing the 
right solution 
shouldn't be. 
Mathcad 2001 Professional includes: IBM techexpIoreP Hypermedia Browser 3.0 - Professional Edition, 
SmartSketch( LE, Va/o-View and VisSim LE. 
With Mathcad 2001 Premium you get everything above plus Axum 6, SmartSketch 3.1 and the Solving & Optimization 
Extension Pack. 
Mathcad 2001 runs on Windows 95, 98, 2000 and Windows NT 4.0 or higher. 
@2000-2001 MathSoft, Inc. MathSoft, Mathcad, and Anon are registered trademarks of MathSoft, Inc Aut0CAD is  registered trademark and VoluView is a trademark of Autodesk, Inc SmartSketch is 
a registered trademark of Intergraph Corporation Microsoft, Visia, and Windows are registered trademarks and Windows NT is a trademark of Microsoft Corporation. MATLAB is a registered trademark of 
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I. th. ComotI*lon in Your Wake 
Over 90,000 designers and engineers agree: 
(rystalEyes® is the optimal tool for visualizing 
complex models naturally and interactively.
0 
STEREOGRAPHIC S 
tivities. CPM technology s developed 
with the mid-sized and small manufactur-
ers in mind. 
The procurement process for custom 
parts relies on the accurate and timely 
communication of technical informa-
tion. Dialogue between buyers and sell-
ers typically involves the exchange of 
CAD data and technical specifications, 
as well as addressing business and logis-
tical issues. Data incompatibilities and 
nonconformity to industry standards are 
common roadblocks that add time and 
cost to the bottom line. Collaborative 
Procurement Management not only 
Accelerate time-to-market with 
CrystolEyes 3 and experience: 
• Improved Durability and Fit 
• Increased Battery Life 
• Enhanced Sync Circuitry 
Questions? 
Email us at Stereo3D@stereographics.coi 
ogetaFREE dam (D,alTolFree 
8664551490 or visit 
oopm/dd/
matches buyers and sellers, but more im-
portantly, it also automates interaction 
and facilitates shared business processes. 
CPM allows buyers and sellers to effi-
ciently manage their relationships with 
one another. 
Quick Quotes is simple to use. Compa-
nies buying manufacturing services post 
an RFQ by completing an online form 
and attaching a drawing. Suppliers who 
are Quick Quotes members can search 
for RFQs that meet their expertise and 
capacity at any time. To bid, they fill out 
an on-line quote submission form that is 
sent directly to the buyer. This process
generates competitive quotes from man-
ufacturers delivered via e-mail to poten-
tial customers. 
Buyers can manage RFQs as projects, 
make RFQs selectively available to cer-
tain vendors, specify RFQ target price, 
and utilize closed projects for historical 
analysis. Active projects contain valuable 
summary information in real time, in-
cluding time-to-project completion, esti-
mated project cost, variance to project 
budget, and RFQ-supplier activity for a 
particular project. By organizing RFQs 
in a project associated to a procurement 
activity, buyers and suppliers easily can 
sort and filter through an infinite num-
ber of RFQs by criteria such as RFQ sta-
tus, activity, close date, and more. 
Buyer members also can upload their 
company's non-disclosure agreement 
(NDA) as a part of their member profile, 
and enable the agreement when posting 
an RFQ. Once an NDA is enabled by the 
buyer, suppliers must read and accept 
the NDA before they can access the 
RFQ's file attachments. A red padlock il-
lustrates that the file attachments are in-
accessible until the NDA is accepted; 
once agreed to, the padlock turns green 
for full access. 
For suppliers of manufacturing ser-
vices, CPM delivers the tools to manage 
their business more efficiently, allowing 
them to manage outstanding quota-
tions, reduce cyclical workloads, and 
increase profitability. Job shops or sup-
pliers can employ Job-Bots" to auto-
matically search for RFQs that meet 
their expertise and capacity. Job-Bots 
are specific to machine tools, work 
cells, or specific processes on a sup-
plier's shop floor, and automatically no-
tify suppliers of RFQs meeting the Job-
Bot criteria. Suppliers also can analyze 
"won vs. lost" quotes, obtain instant no-
tification of accepted or rejected 
quotes, learn how their quote ranked 
against other quotes submitted, and di-
rectly communicate with potential cus-
tomers worldwide. 
This month, Quick Quotes will intro-
duce new, advanced CPM features for all 
phases of eProcurement such as produc-
tion monitoring and visual collabora-
tion. Quick Quotes also will present a 
new system for dynamic rating of suppli-
ers and buyers by combining quantita-
tive and qualitative data. 
How do engineers and manufacturers 
benefit from this type of service? Com-
panies often are looking for additional 
manufacturers, especially when their 
usual contractors are booked with work. 
Engineers can post an RFQ with a fast 
turnaround as part of the criteria, and 
fish in a much larger pond of qualified 
ii 4 , m,d. So3D 0 io,,oi	 11	 looG,*	 , bw 
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Get to know the "stars' of this ad at OceanOpfics.com/Outside_  the..Box 
suppliers. Another benefit for buyers is 
that they do not need to burden their 
company's computers with manage-
ment, data, and history, since it resides 
on the Web site, not on the desktop. 
Geography used to play a large role in 
the procurement of inanufactttring set-- 
vices outside of the vendor's local area.
But that factor has 
become obsolete, as 
shipping costs are 
nominal, and quotes 
have grown to be 
highly competitive. 
Buyer members in 
rural areas looking 
for CNC machining 
and other auto-
mated capabilities 
now can reach out 
beyond their back-
yard for job shops. 
Other buyers may be 
looking for global 
suppliers and find 
great shops in their 
locale. 
Mono: small nb ,._ 
ufacturers are look-
ing for new business 
opportunities, and 
new suppliers, and need help with pro-
curement. The CPM technology gives 
them a totally customizable procure-
ment management system and a way to 
accurately source work in less time. It 
also provides the purchasing depart-
ment of any size manufacturer a way to 
streamline comparison shopping.
Suppliers performing custom manu-
facturing services often are dependent 
on a few customers and are limited by 
geographic boundaries. Many have cycli-
cal workloads and are unable to focus on 
higher margins that could be realized 
from locating work that best matches 
their expertise, equipment, and capac-
ity. Quick Quotes gives them "reach" and 
enables them to hid on jobs that are 
more closely aligned to their capabili-
ties. Supplier CPM tools give them a vi-
able solution to manage outstanding 
quotations. 
Manufacturers are finding that the 
MfgQuote Marketplace fulfills an im-
portant niche. Supplier members 
strongly state that getting work done 
and keeping their machine tools in mo-
tion is far better than being on the 
road making sales calls. This eMarket-
place gives them on-demand access to a 
global arena of business opportunities 
via the Quick Quotes Web service. We 
welcome you to visit www.nasatech. 
com/quickquotes and test-drive the 
service. The Web page is content-rich 
with information on all facets of the 
service. We are anxious to get feedback 
from our readers at quickquotes@ 
nasatech.com . 
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Buyers can post and manage RFQs using Quick Quote's Collaborative Procurement Man- 
agement system. They con also upload their company's non-disclosure agreement (NDA) 
as part of their member profile.
Thini, 
Ocean Optics Builds Better 
Photonics Solutions. 
Does the same old stuff leave you fee/mg stuck? 
At Ocean Optics, we think outside the box to enable just 
about any application under the sun. We changed the face 
of fiber optic spectroscopy by introducing the world's first 
miniature spectrometer. The world's biggest process probe? 
That's ours, too. So next time someone tries to tell you it 
can't be done, think again. Think Ocean Optics. 
For all your photonics needs, visit 
OceanOptics.corn 
Loh 
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Probes	 Sensors	 Spectrometers 
cean 
tics Inc. 
First in Photonics" 
727.733.2447 • 8:30 am - 6 pm EST
916.939.4300. Noon -9 pm EST
Dunedin, FL • El Dorado Hills, CA • Duiven, The Netherlands 
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©2001 Autodesk, Inc. AiJiOdesic is a registered trademark, and Autodesk Inventor is a trademark of Aulodesk, Inc. in the U.S. and other countries.
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View the online demo to see how 
Autodesk Inventor TIM makes the 
transition from 2D to 3D painless. 
Suddenly, you 
have the tools 
to take your 
ideas where 
they've never 
gone before. In fact, Autodesk Inventor is so 
easy to use, you'll be productive from day one. 
Built around our powerful adtve tech nolocv. 
Autodesk Inventor delivers the ndusftys first 
completely new 3D design technology in over a 
decade. With industry-leading DWG compalibilfty, 
Web-based collaboration, and exceptional large-
assembly performance, Autodesk Inventor brings 
Oi the freedom you need to dedon without mfts, 
Ready to dive in? \/jSi vcVvw.auLcdec.c.oHI sub 
and view the online demo today. 
autodesk"' 
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MATLAB 6: Evolutionary Improvements 
Steven S. Ross 
The MathWorks' new Release 12 of 
its numeric analysis and simulation 
tools offers a few new capabilities, 
more speed, and a spiffy new help sys-
tem and interface - especially for 
users of Windows and certain UNIX 
boxes. The improvements are more 
evolutionary than revolutionary. But 
specific types of users will find a lot to 
make their lives easier, and everybody 
will find the many separate packages 
inside this release easier to use. 
Changes in the flagship products, 
MATLAB 6 and Simulink 4, are (almost 
by definition) the most important. MAT-
LAB — short for Matrix Laboratory - is 
designed to write programs that analyze 
data matrices, often with only a line or 
two of code. It comes with many func-
tions and you can add a wide range of 
application-specific "toolboxes" devoted 
to areas such as statistics, signal process-
ing and simulation. 
Each toolbox is a collection of pro-
grams (calculators, if you will) that 
each handle a specific function. These 
programs are called M-files. You can 
combine them, modify them, or write 
your own. You can also compile them. 
The MATLAB compiler now has a Vi-
sual Studio add-in that allows the code 
to be integrated easily into Microsoft 
Visual C or C++ 5.x or 6.x. It works the 
other way as well - you can convert C 
and C++ code into MATLAB executa-
bles (so-called Mex files). There's a 
Interface to signal processing tool You can 
play only portions of a signal. Note the toolbar 
to the left. 
new interface for calling Java code (it 
comes with many Java "beans," or pre-
built objects). 
MATLAB's new versions always seem 
to add statistics features, and this one is 
no exception. There's a particularly 
powerful curvefitting and extrapola-
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New library browser in Simulink. Clicking on any 
of the items in the list at left brings up symbols 
at right. Or, use the search window at the top of 
the screen to find what you need. The blocks get 
combined to form logic simulations in a finished 
model. 
tion routine. Succeeding versions also 
tend to get faster, and tend to have 
more intuitive commands for editing 
and annotating graphics. Again, this 
one is no exception. There's a new li-
brary for fast Fourier transforms, for in-
stance. It promises more speed and 
higher accuracy. There are also more 
solvers for differential equations. 
Simulink, the block-diagram model-
ing package for simulating and design-
ing dynamic systems, also got a facelift 
and some new functionality. As with 
MATLAB, it is easier and faster to gen-
erate C code from within Simulink with 
the expanded add-on Real Time Work-
shop. It even has support for blocks 
that get data from a lookup table. 
The new graphical debugger built 
into Simulink itself is especially nice. In
 
fact, there are a host of other new fea-
tures for supporting development of 
very large simulations — better code 
editing, toolbars, a "find" dialog box 
that lets you find a model's compo-
nents more easily, easier handling of 
sub-assemblies, improved library and 
model browsers, and so forth. There's a 
separate new "model differencing tool'
available in Simulink Performance 
Tools 1 (an add-on) that highlights the 
differences between two models and re-
ports on execution of different path-
ways through a complex model. 
Those who need digital signal pro-
cessing functionality will find much 
faster DSP routines. There's also a new 
filter design toolbox available, with 
much more functionality for designing 
digital filters. 
The new, expanded Instrument Con-
trol toolbox expands interfaces be-
tween MATLAB and data acquisition 
devices, more in line with some of the 
products available from instrument 
makers themselves such as National In-
struments. (MATLAB gained serial 
port control in this release, too.) An-
other add-on, Data Acquisition Tool-
box 2, controls a wide variety of exter-
nal hardware devices; it added Com-
puterBoards support in this release. 
In Windows, a minimum of 128 MB 
of RAM is preferred, although we ran 
most modules comfortably in 64 MB. 
Files for any typical installation are not 
huge, but a complete installation of 
everything in Release 12, including 
documentation files, took 550 MB. Ex-
pect to use 50 to 100 MB of disk space, 
typically. 
US list prices for MATLAB 6 start at 
$1,900 for an individual PC license; 
Simulink starts at $2,800. Add-on 
products range from $200 to $7,500. 
The initial purchase price includes 
Subscription Service, which provides 
product updates and technical support 
for the first 12 months. Contact The 
MathWorks, Natick, MA; Tel: 508-
647-7000; Fax: 508-647-7001; www. 
mathworks.com . 
Steve Ross is an associate pro-
fessor in journalism at Columbia 
University, where he runs the 
science writing program and 
teaches analytical journalism. His 
18 books and three commercial 
software packages include sev-
eral on statistics and quality con-
trol. His undergraduate degree is 
in physics. 
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Starting at S595 
1800-452-4844; Ext. 6838
It's about time you got exactly what you wanted in a power supply—clean, stable power and a great 
price. And with Agilent Technologies new series of power supplies, you will. 
Starting at only $595 our new line of E3640A-E3649A power supplies provides 30-100W of stable, 
clean DC power. All ten models are programmable so you can shorten set up times and automate testing. 
They each offer overvoltage protection. And with features like dual output ranges, remote sensing, and 
standard front and rear panel outputs, it'll be easy to match just about any test requirements. 
To see all the specs for yourself, visit our web site. Or, for measurement advice, talk to one of our 
engineers at the number listed below. Because as soon as you've found clean power in your price 
range, you can get back to the more interesting challenges of being an engineer. 
Agilent Technologies 
-	 Innovating the HP Way 
OOO A,pIr	 Ak/NJ	 'US	 ':r	 ,vd,,..S.H' '	 iUU. 
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AAew Millennium Craft to Verify 
Key Technologies 
Earth Observing-i spacecraft 
Swales Aerospace 
Beltsville, MD 
301-595-5500 
www.swales.com 
NASA's New Millennium Program seeks to make space 
exploration more affordable by developing advanced tech-
nology and testing it during 
spaceflight. The first Earth-  
observing mission of the pro-
gram is the Earth Observing-1 
(EO-1) spacecraft, which will 
demonstrate new remote 
sensing, spacecraft, and	 . 
operations technologies. 	 .- •". - 
Swales Aerospace designed 
and fabricated the space-	 I - 
craft, developed hardware, 
and performed instrument 	 S 
integration. They also fabri-
cated or procured the struc-
tural/mechanical subsystem, 
propulsion system, harness, 
attitude control system, solar 
array, and data handling sulmvstemn.
EO-1 's main instrument, the Advanced Land Imager, was 
built by MIT's Lincoln Lab and was integrated into the 
spacecraft bus by Swales at NASA's Goddard Space Flight 
Center in Greenbelt, MD. Swales' spacecraft bus features an 
S-Band uplink and telemetry downlink, 50 Ah super NiCad 
battery, and a 1773 data bus. 
Swales also manages the ground operations at the launch 
site and the launch vehicle interface. The company 's engi-
neers worked on-site with subcontractors in integrated teams 
to facilitate spacecraft component development. 
For More Information Circle No. 750 
INIMAomponents Help Power 
International Space Station 
SMPS capacitors and SV Series radial leaded capacitors 
AVX Corp. 
Myrtle Beach, SC 
843-448-9411 
www.avxcorp.com 
Switch mode power suppl capaciwrsaiicl radial Ieack'd 
capacitors are playing a role in providing vital services such as 
power conversion and distribution, air conditioning, and air 
quality on the International Space Station (ISS). The capaci-
tors are used in the main power supply conversion system that 
adaptspower from the solar panels. When complete, the ISS 
solar arrays will supply 60 times more power than those on the 
Mir space station. 
In the inhabited areas of the ISS. SNIPS capacitors are used 
in the air conditioning and air quality equipment, an(l are 
found in the robotic arm of the Space Shuttle that will he used 
in the continuing construction of the ISS.
SO, 
The SV capacitors feature an internal design that minimizes 
electrical stress and partial discharge activity within the dielec-
tric, resulting in a reliable device for high-voltage circuits. The 
SNIPS capacitors have been used in military
 and commercial 
satellite programs. 
For More Information Circle No. 751 
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Plug-in DEWE-MC 
- V
vie Rock! 
The DEWE-3010 and DEWE-2010 comIeteIv 
• Portable PC Versions Available! 
Available in both data recording and industrial PC 
versions, Dewetron PC-based instruments really rock. 
Plastic boxes just can't compare. New built-in software 
makes setup and recording easier than ever. With plug- 
in modules for direct connection of every sensor - strain 
gages, accelerometers, microvolts/volts/kilovolts, RTD's 
and thermocouples (9 types), LVDT's, string pots, 
RPM and TACH signals from engines and turbines, 
and even more. Plus 1000Vrms isolation, 
exceptionally low noise, and multiple range/filter 
selections on each plug-in module! 
Please call toll-free at +1(877) 431-5166, 
visit our website, or send Pm2iI to: - 
werock@dewamerica.c
Dewetron, Inc. 
Toll-free +1(877) 431-5166 
Tel: +1(401) 364-9464 
Fax: +1(401)364-8565 
Website: www.dewetron.com 
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Why waste time starting from scratch? You can create
robust applications in far less time using DL 
than with traditional languages. IDL code kh	 runs the same on Windows', UNIX'S, Linux and Macintosh. 
DL handles large multi-dimension-
al data with ease. Read and write 
virtually any formatted, unfor-
matted, or binary data. 
Interactively render 3D images 
with IDL's object-oriented 
graphic system. Combine vol-
ume rendering with vector 
and polygonal visualizations. 
DL also has many map projec-
tions and a high-resolution map 
database. 
I
pl:Z9W 
(xO to www.iiesea	 _______________ 
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0 Commercialization Opportunities 
Measuring Contact Angles 
of a Sessile Drop and Imaging 
Convection Within It 
An apparatus has been developed 
that simultaneously and synchronously 
records magnified images of a sessile 
drop. Such a stud y of the spreading of 
drops can contribute to understanding 
of coating, film cooling, lubrication,
boiling, and spreading of biological 
cells, among others. 
(See page 50.) 
Improved Encryption-Mode 
GPS Receiver 
An improved GPS receiver processes 
an encrypted P-code signal without 
knowledge of the encryption code. The
improved design signal-to-noise ratios 
are greater than in prior GPS receivers, 
especially when GPS satellites are at 
low elevation angles. 
(See page 54.) 
Metal-Supported Catalyst 
Beds for Reacting CO2 
With CH, 
In the proposed application, these 
catalyst beds would be used on Mars to 
produce hydrogen as a rocket propel-
lant or as fuel for fuel cells. On Earth, 
such beds would be applicable to steam 
reformers and other catalytic reactors 
to produce fuels and other specialty 
chemicals. 
(See page 64.) 
Chemical Reactors Based 
on Catalyzed Wires 
The basic concept of these reactors 
allows for adaptation to numerous vari- 
ations, which could be as simple as a 
straight tube containing a catalyst-
coated wire suspended on the cylindri-
cal axis. 
(See page 64.) 
Thrust-Control System for 
Emergency Control of 
an Airplane 
This system relieves the pilot of the 
longitudinal-control task, enabling the 
pilot to keep the wings level for land-
ing. The system was flight tested on an 
MD-11 airplane. 
(See page 68.) 
Weld Repair of a Directionally 
Solidified Superalloy Article 
This technique for repair of a direc-
tionally solidified nickel-base superal-
by also forms a directionally solidified 
Inicrostructure similar to that of the 
original material. The technique can 
be used on turbine blades or vanes. 
(See page 72.) 
Field-Reversed Magnetic 
Mirrors for Confinement 
of Plasmas 
The proposed configuration is in-
tended to increase the degree of con-
finement achievable by a magnetic 
mirror. The magnetic flux density 
needed would be reduced. 
(See page 74.) 
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833 MHz, 8MB Cache in 
Chassis with Redundant Power Supply 
Workstations and Beowulf Clusters for 
Hiah Performance Technical Comntini! 
Which Solution is Right for You? 
• 833 MHz Dual Alpha UP2000 or 21264DP 
• 500 MHz —1 GHz Pentium ifi or Quad Xeon 
• 500 MHz —1 GHz Dual or Single Athlon 
• Beowulf Cluster 
Distributed Memory Parallel Processing 
• Myrinet Gigabit Ethernet or Dolphin WulfKit 
High Speed, Low Latency Backplanes 
• RAID
Satisfied customers have purchased Microway products since 1982. Our cost effective Linux 
- solutions have been chosen by universities, government research labs and ISPs worldwide 
•	 _____ since 1996. Over the years Microway brand systems have become famous for their quality and 
price/performance. Simultaneously, our Technical Support staff earned a reputation as one of 
the best in the industry. This means you can count on our experience to configure a UNIX or 
Linux workstation or Linux Beowulf cluster solution that is ideally suited to your specific prob-
lem. This is why Microway was chosen by Los Alamos National Laboratory to maintain and 
-=--E-I upgrade their	 144-node Alpha Avalon	 cluster.	 It	 is	 also why	 both	 the
• University of Wisconsin and Rockefeller University chose Microway to
	
tlqp 
buld their 100-node dua! Pentium III rluuctprc. In addition to being an 
• i	 _____ Intel Product Developer and AMD Athlon OEM, Microway is Alpha Processor, Inc.'s Top 
North American Channel Partner. 
"To find a successful supplier of Linux solutions there are three things that you should know: 
One, the supplier must be proficient in Linux, a master of understanding Linux's superior-
_____ ities; Two, the supplier must have a clear passion for hardware technology; Three, if you 
found a supplier that knows both Linux and understands hardware solutions, congratula-
tions you have found Microway! When it comes to Linux and high performance, there's 
only one way, and that's Microway!"
	
=611	 - Bruce Faust, founder of DigitalScape and Carrera Computers 
	
-	 Microway cUstom configures Linux, NT and UNIX workstations, clusters and servers plus 
Microway Scalable, 18 Node	 state of the art RAID systems. If you need a quality product that is fine tuned and built to last, 
36 Processor, Dual Pentium 1U	 from a company that will be around to support you for years to come, Microway is 
	
Beowulf Cluster with Myrinet and MPI 	 The Number One Choice. 
Find out why over 75% of Microway's sales come from

repeat customers. Please call 508-746-7341 for a technical
salesperson who speaks your language! 
Visit us at microway.com 
Technology You Can Count On
	
Research Park Box 79, Kingston, MA 02364 
Ltn	 rI..1 ,.	 508-746-7341 • info@microwav.com
$ Special Coverage: Data Acquisition 
Data Acquisition Boards: A Guide to Time 
and Frequency Domain Measurements
the multiplexer (MUX).	 .. 
The MUX routes the sig- 	 -	 - 
nals into the programmi-
ble gain instrumentation 
amplifier (PGIA), which 
responsible for delivering 
the measured signals to the 
ADC. The multiplexer. 
PGIA, and other circuitr\ 
that condition and route 	 'nme Domain -A 
the input signals to the 
ADC are known together 
as the analog front-end. 	 L. 
The ADC digitizes them 
signals, and then passes tiw 
digitized value back to the 
computer, by way of the Figure 1: 
FIFO and bus controller. 
Ideally, any measurement by a DAQ de-
vice would be converted immediately into 
digital data and transferred to the com-
puter with no loss or modification of the 
signal. However, the components used in 
measurement devices are not ideal, and 
these components introduce various in-
accuracies into the signal path. Typically, 
these errors consist of settling time errors 
due to the MUX and the PGIA switching 
between various signals, gain and offset 
errors introduced by the PGIA, and digi-
tization errors introduced by the ADC. 
System noise is introduced in all parts of 
the analog signal path and it also adds to 
Time- and Frequency-Domain Measurements 
K Level P4esurinent 
C Level Measumnents	 Ftequency Domain - AC components 
PH H 
rti
e bewildering array of data acquisi-
tion specifications given by various 
manufacturers can confuse even the 
most experienced engineers. This article 
examines the most important specifica-
tions for time-domain and frequency-do-
main measurements. Determining 
which specifications are most important 
depends on the type of information that 
is being collected. If the most important 
information is the voltage level being ac-
quired, or the characteristics related to 
the shape of a waveform, then you are 
interested in time-domain measure-
ments. If the important information is 
the frequency content of the signal, then 
you are interested in frequency-domain 
measurements (Figure 1). 
Different products are optimized for 
different types of measurements, and the 
specifications given for those products re-
flect this difference. Most multiplexed 
data acquisition boards are optimized for 
time-domain measurements, so their 
specifications typically focus on allowing 
the user to determine the absolute accu-
racy of a voltage measurement. Dynamic 
Signal Acquisition (DSA) boards are op-
timized for frequency domain measure-
ments, and their specifications typically 
focus on attributes like dynamic range 
and total harmonic distortion. However, 
since data acquisition boards are general-
purpose instruments, they often are used 
to make frequency domain measure-
ments. For that reason, it is also impor-
tant to evaluate the dynamic specifica-
tions of a data acquisition (DAQ) board. 
Before discussing various specifica-
tions, we should understand the archi-
tecture of a typical data acquisition 
board and where various errors and un-
certainties are introduced. Figure 2 is a 
high-level diagram of a typical multi-
plexed data acquisition device. The sig-
nals to be measured are connected to
the uncertainty of the measurement. The 
total error of your measurement depends 
on the sum of these errors. 
Specifications — Time Domain 
The error of a measurement, or the 
absolute accuracy, is defined as the dif-
ference between the actual value and 
the measured value. When taking mea-
surements with DAQ boards or other 
computer-based measurement devices, 
the real-world analog value (voltage) is 
converted into digital codes by the ADC.
The devices transfer function defines 
the conversion from voltage to digital 
codes. In general, as the input voltage to 
the device is increased, the ADC output 
codes should increase linearly. Any devi-
ation from this stair-step voltage vs. 
code' response results in inaccurate 
measurements. Noise in the device also 
can cause inaccuracy, which results in a 
converted signal that is composed of the 
original measurement plus some error. 
Finally, for the multiplexed architecture, 
you need to consider device-settling 
time when determining an accurate 
measurement. Because the PGIA and 
ADC are shared between multiple chan-
nels, there must be appropriate time for 
the inputs to settle to the correct value 
before the ADC converts the measure-
ment. If the signal has not settled to its 
actual value, an incorrect reading is con-
verted and returned by the device. Un-
derstanding the sources of these inaccu-
racies is an important step in 
determining if the device meets your 
measurement needs. 
Absolute Accuracy 
While it is important to understand 
how individual components contribute 
to the error, you must combine all of 
these effects to understand the overall, 
or absolute accuracy, of the device. The 
absolute accuracy of a computer-based 
measurement device is the maximum 
difference between the measured value 
returned by the device and the true 
value applied to the input. Ideally, a 
Bus r ee L_  Controller 
Timing and Synchronization 
Figure 2 - Block diagram of DAQ board 
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Figure 3. Spu -	 .- Y4Y), and Total 
Harmonic Distortion Measurements. 
manufacturer provides absolute accu-
racy information for each of the input 
ranges and modes that the device can 
handle. By choosing the appropriate 
Measuremeni of Dynamic Range and
Total Harrronic Distortion 
ThD(dR) 
-51035 
SINAD 
(dO) 
74358 
SFDR (dO) 
input range for your signal, it becomes 
easy to calculate the absolute accuracy of 
your measurement. The absolute accu-
racy table that is given with a properly 
specified computer-based iiieasurement 
device makes computing the total accu-
racy of your time-domain measurements 
a simple calculation. 
Frequency Domain 
The absolute accuracy specifications 
are ideal for determining the accuracy of 
your time-domain measurements. How-
ever, measurement devices that are opti-
mized for frequency domain measure-
ments, such as dynamic signal acquisition 
(DSA) boards, are designed with a differ-
ent set of features, such as anti-aliasing fil-
ters, dynamic range, low noise, and low 
distortion. These features require a dif-
ferent set of specifications than time do-
main measurements. We will briefly dis-
cuss some of the more important 
specifications: dynamic range and distor-
tion. These specifications typically are not 
given for general-purpose data acquisi-
tion boards, but we will show how these 
specifications can be evaluated. 
Dynamic range is the frequency do-
main counterpart of resolution in the 
time domain. This is one of the most im-
portant specifications given for devices 
that are designed for frequency domain 
measurements, and it is typically ex-
pressed in dB. Dynamic range is defined 
as the ratio of the largest signal level a 
digitizer can handle to the smallest signal
level it can detect. The smallest signal 
level usually is taken to be the system 
noise level. The spurious free dynamic 
range (SFDR) is the ratio of the largest 
signal level to the highest noise "spur' 
that shows up in the frequency spectrum 
plot. Depending on the definition, SFDR 
may include or exclude spurs introduced 
by harmonic distortion. SFDR is impor-
tant because it represents the smallest sig-
nal that can be distinguished clearly from 
the imperfections of the digitizer. 
One way to measure spurious free dy-
namic range is to input a pure 
-.me wave signal into a digitizer 
irici take a Fast Fourier Trans-
urn (FFT) of the digitized 
aveform (Figure 3). The speci-
u!(ations of the function genera-
tor should exceed the specifica-
tions of the digitizer; otherwise, 
it is impossible to tell if you are 
measuring the imperfections of 
the source or the digitizer. The 
power spectrum plot in Figure 3 shows 
the peak for the signal, at about 6 dB, 
and highest spur in the signal. The high-
est spur in this case is a harmonic that 
shows up at about -78 dB. The spurious 
free dynamic range is the difference be-
tween the peak and the highest spur in 
the signal. In the 16-bit DAQ board case 
illustrated in Figure 3, the spurious free 
dynamic range is approximately 84 dB. 
When a signal is digitized and con-
verted into frequency domain, compo-
nents show up in the frequency spec-
trum that are not part of the original 
input signal. This effect is known as dis-
tortion. The majority of distortion ef-
fects show up at integer multiples of the 
frequency of the input signal (harmon-
ics). Total harmonic distortion (THD) is 
measured by inputting a pure sine wave 
into the device and performing an FIT. 
If there were no distortion, the only data 
showing up in the frequency spectrum 
plot would be the spike at the frequency 
of the input sine wave and the system 
noise. However, if the input sine wave is 
distorted as it passes through the analog 
front end and ADC of the measurement 
device, the distortion will show up in the 
frequency spectrum as harmonics. 
The THD measurement is made by 
adding up the size of the harmonics that 
appear. The ratio of the RMS sum of the 
harmonics to the signal is the THD. This 
usually is expressed in dB or percent. Fig-
ure 3 shows an example of a THD mea-
surement. A software routine computes
the THD based on the digitized input 
signal. Although there is not a direct re-
lationship, the THD of a measurement 
device is strongly coupled to the linearity. 
If a device has poor dynamic nonlinearity, 
integral nonlinearity, or relative accuracy, 
it also will have poor THD. 
Often, users are interested in a speci-
fication that includes the combined ef-
fects of distortion and noise. Total har-
monic distortion plus noise (THD+N) is 
the RMS sum of all the harmonics, 
plus the noise in the signal. THD+N also 
may be expressed as the signal-to-noise 
and distortion ratio (SINAD), or effec-
tive number of bits (ENOB). THD+N, 
SINAD, or ENOB easily can be calcula-
ted by software routines, once an input 
signal is acquired. 
All of the frequency-domain specifica-
tions mentioned (SFDR, THD, SINAD) 
can vary depending on the sampling rate, 
input voltage range, and input frequency. 
Good specifications from the vendor 
should include a range of conditions 
under which the specifications are valid. 
Determining the important specifica-
tions for your measurement application 
depends on whether you are interested in 
time domain or frequency domain inca-
surernents. Time domain measurements 
require accurate measurements of the 
level and shape of the waveform. Your 
measurement accuracy is determined by 
how well the voltage measurements re-
turned by the data acquisition device re-
flect the input signal. The most impor-
tant specification that describes this 
uncertainty is the absolute accuracy. Ide-
ally, the device vendor should supply a 
table of absolute accuracy specifications. 
If your measurement application re-
quires frequency domain measure-
ments, you must look at a different set of 
specifications. Some of the important 
frequency domain specifications include 
spurious free dynamic range and total 
harmonic distortion ratio. 
When evaluating different data acqui-
sition devices, it is critical to carefully ex-
amine the specifications provided by the 
manufacturer. They must supply you 
with enough information to reliably de-
termine the overall uncertainty of your 
measurements. 
For more information, contact the authors 
of this artick: Tom Magruder Data Acquisi-
tion Product Manager; and Paul Packebush, 
Manager, Sustaining Engineering Group, 
National Instruments, Austin, TX; Tel: 512-
794-0100; www. ni.coin. 
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O Partial Subtractive Dither for Lossy Data Compression 
A new technique provides a compromise between benefits and costs of standard subtractive dither. 
NASA's jet Propulsion Laboratory, Pasadena, California 
A technique of partial sub-
tractive dither has been devel-
oped to improve the perfor-
mance of any of a variety of 
near-lossless data-compression 
algorithms. The technique 
may be applicable to compres-
sion of scientific and medical 
image data. 
To those skilled in the art of 
data compression, the use of 
subtractive dither to reduce 
the undesired quantization ar-
tifacts produced by lossy data-
compression algorithms is well 
known. These artifacts include 
(1) biased average signal val-
ues in some regions of a signal, 
(2) steplike signal-value pro-
files in slowly changing por-
tions of the signal, and (3) era-
sure of faint features that, if 
they occupied a sufficiently 
large area, would be de-
tectable in the original signal. 	 - - 
The type of subtractive 
dither used heretofore, 
called "standard subtractive 
dither," involves a dither dis- 
tribution that is uniform over a range 
equal to the quantization step size of 
the algorithm to which it is applied. 
Standard subtractive dither incurs costs 
in the form of an increase in rate (in
other words, a reduction in compres- 
sion) and an increase in distortion. 
In the present technique of partial 
subtractive dither, the dither distribu- 
tion is uniform over a range smaller
than the quantization step 
size. The choice of a uni- 
form distribution is moti- 
vated by a desire to opti- 
mally compromise between 
the benefit (reduction in 
quantization artifacts) and 
the costs (increases in rate 
and distortion) of standard 
subtractive dither. Under 
some reasonable assump- 
tions, the dither distribution 
should be chosen to be uni- 
form, with its range chosen 
according to the degree of 
dithering desired. 
The figure shows the effects 
of compression followed by 
decompression of an image. 
As the degree of dithering in- 
creases from zero (no dither) 
through partial to standard, 
the appearance of streaks and 
artificial regions of constant 
intensity decreases, while the 
overall grainy appearance in- 
creases. 
This work was done l Matthew 
Klimesh of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor- 
mation, access 1/se Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Information Sciences category. 
NPO-20964 
- 
The Original Image Was Compressed with different degrees of subtractive 
dither, then decompressed. As dither increases, as shown in (b), (c), and (d), 
respectively, quantization artifacts are reduced, while graininess is in-
creased. 
AW Acquisition, Tracking, and Pointing in Optical Communication 
NASA's Jet Propulsion Laboratory, Pasadena, California
 document in the form of lecture 
slides outlines a program of development 
of capabilities for acquisition of signals, 
tracking of signal sources, and pointing of 
transmitters and receivers in deep-space 
optical communications. Topics ad- 
dressed on the first few slides include the 
benefits and challenges of optical com- 
munications and the historical and orga- 
nizational background of continuing de- 
velopment efforts. Most of the remaining 
slides address selected technical aspects of 
acquisition, tracking and pointing (ATP)
in various levels of detail; these aspects in- 
clude basic principles of operation, beam- 
pointing requirements, sources of track- 
ing and pointing errors, alternative 
approaches to tracking and pointing, con- 
cepts for the design and operation of ATP 
systems, and key technological develop- 
ments that are necessary for attaining re- 
quired levels of ATP performance. The 
last slide summarizes the major technical 
challenges; these include the difficulty of 
pointing the necessarily narrow transmit- 
ted laser beams, the need to suppress
spacecraft vibrations in beam-pointing 
equipment, the need for bright beacons, 
and interference by scattered sunlight. 
This work was done by Shinhak Lee James 
W. Alexander, and Gerardo C. Ortiz of Cal- 
tech for NASA's Jet Propulsion Labora- 
tory. To obtain a copy of the document, "Deep 
Space Acquisition, Tracking, Pointing (ATP) 
Technologies for Optical Communication," 
access the Technical Support Package (TSP) 
free on-line at www.nosatech.com under the 
Electronic Components and Systems category. 
APO-20889 
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Triaxial ISOTRON 
Accelerometer 
Model 6S 
kaged in a 10-mm 
elded titanium cube, this 
is distinguished by its 
superior resolution and single cable output. 
Full ciIe ranscs are ±( Ig I 0llniV/) and 
I	 lg 	 ).
High Temperature 
aw Pressure Transducer 
Model 8544 
1 hi5 sensor is a rugged, miniature, high 
' crisitivity device designed for operation to 
21j4° C. Ideal for measuring static and 
ii imic pressures in missile and spacecraft 
If its vibration. pressure or shock, we measure it. 
Endevco's silicon and piezoelectric sensors are 
routinely employed for modal, environmental and 
shock testing to measure the stresses experienced 
during rollout, release and flight to orbit. We supply 
accelerometers, pressure transducers, high intenslt\ 
microphones and airborne amplifiers to test 
programs worldwide. Call Endevco at 800-982-672 
and challenge us meet your high expectations for 
accuracy and durability.
allieS	 Sl)k'hOlPi I 
MEGGITT	 N1irv (i!i/,ltu NMI-
WHAT CAN WE DO 
FOR YOU TODAY? 
ENDEVCO 
www.endevco.com/rd5t
applications@endevco.com
• 949/001-7231 fax 
For More Information Circle No. 553
with the properties specific to your individual application. Of course you need to . . . BE 
SURE THEY HAVE THE FACILITIES TO PRODUCE IT. . . Nusil's labs and 
processing plants in North America and in Europe are meticulously clean with filtered 
air. Whether small highly specialized orders, or large, off-the shelf standard' purchases, 
every batch is tested for quality and consistency. Nusil has. . . THE EXPERTISE TO 
PRICE IT RIGHT. . . From electrically and thermally conductive elastomers, to Glob 
Top circuit board coating systems, whatever your application, Nusil can make it happen 
with. . . THE GLOBAL REPUTATION TO BACK IT UP.. Whether creating the 
aerospace industry's most complete line of silicones for space flight, being the healthcare 
industry's trusted resource, Nusil's reputaton is second to none. At Nusil, we look forward 
to being your... Creative partners in a material world. 
Nusil Technology Nusil Technology - Europe 
1050 Cindy Lane Technical Services Center SILICONE 
CA 93013 2740 Route des crtes Ii iUiIJ TECHNOLOGY 
Telephone: (805) 684-8780 F-06560 Valbonne 
Fax: (805) 566-9905 Sophia Antipolis. FRANCE 	 www.nusil.com 
Telephone +33 (0)5 59 3141 04 
Fax +33 (0)5 59 31 41 05
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0 Software for Preprocessing of Raw SAR Data 
]\4SA 'cJel Propulsion Laboratory, Pasadena, CaliJbrn ia 
The SAR Processing 5ystem Raw 
Data processor (SPS R1S) computer 
program is used in the Alaska SAR Fa-
cility (ASF) to scan and decode raw 
data that have been downlinked from 
the European Remote Sensing Satel-
lite (ERS), the Japanese Earth Re-
sources Satellite (JERS), and the 
RADARSAT (a Canadian Earth-obser-
vation satellite) and recorded on high-
density digital tape or disk. ["SAR" 
means "synthetic-aperture radar."] In 
its scanning role, the program reads a 
recorded downlink bit stream, per-
forms PRN decoding as needed, ex-
tracts auxiliary information to identify 
data-acquisition times, correlates this 
information with spacecraft state vec-
tor information to determine loca-
tions, and maps the locations to prede-
I I 
lectronics you want a high purity, high 
performance silicone, not a molecule out 
of place. The right silicone will put 
you ahead of the technology curve. 
But first you have to. . . FIND THE 
RIGHT PARTNER TO CREATE IT 
usil partners with you to create silicone
fined fixed frames along an orbit 
track. These frames are stored in an 
archive as they become available, and 
are subsequentl y interrogated when 
requests for generation of image prod-
ucts are received. In its decoding role, 
this program converts a downlink bit 
stream that pertains to a requested 
frame into files that contain decoded 
engineering and SAR signal data that 
are compatible with the computers 
and programs used in further process-
ing of SAR data into final image and 
image data products. 
This program was written by Eugene Chu 
and Than Truong of Caller/i for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package 
(TSP) free on-tine at www.nasatech.com 
under the Information Sciences category. 
This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20711. 
Variable Telemetry 
Playback Rate for 
Increased Data 
Return 
The rate is adjusted nearly 
continuously according to a 
predicted signal-to-noise 
ratio. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 
In a scheme to increase the overall 
data return from a phase-modulation, 
suppressed-carrier telemetry transmit-
ter, the telemetry playback symbol rate 
is adjusted essentially continuously. 
More precisely, the playback symbol 
rate is adjusted frequently (as often as 
once per symbol period) in small in-
crements. The adjustment of the rate is 
made in accordance with the principle 
that the supportable data rate at any 
given instant is a function of the in-
stantaneous total signal-power-to-noise 
spectral-density ratio (P/A) at the re-
ceiver. The scheme was devised for 
transmission of telemetric data from 
deep-space missions, but could also be 
applied to satellites in orbit around the 
Earth.
NASA Tech Briefs. March 2001 
How TO GET SILICONE THAT'S 
RI JILT FOR TOMORROW 
PT/N, is a known function of 
the receiving-station gain-to-
noise-temperature ratio (G/ 7), 
which, in turn, is a known 
function of the position of the 
transmitter relative to that of 
the receiver. Thus, once the 
trajectory of the transmitter 
relative to the receiver posi-
tion has been predicted. then 
G/Tor Pi / 1\ 1 as a function of 
time can be estimated (see fig-
tire); this estimate can he coin-
puted aboard the spacecraft 
or uploaded to the spacecraft 
prior to a portion of a trajec-
tory (a tracking pass) and the 
corresponding interval of time 
during which the telemetry 
signal is expected to be re-
ceived. Then during the track-
ing pass, the playback symbol 
rate at the transmitter is ad-
45	 I 	 1	 1	 I 
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This Example of PT/No as a Function of Time was computed for a representative case of a distant spacecraft at 250 
declination, tracked by a Deep Space Network receiver at Goldstone. California. 
justed in accordance with the 
predicted G/ T. 
Traditionally, the telemetry 
symbol rate (equivalently, the telemetry 
data rate) for a deep-space mission is ei-
ther fixed or is changed only a few 
times during a pass. A change in the 
data rate often entails a large, instanta-
neous jump, which can sometimes 
cause the ground receiving system to 
lose symbol lock. Upon losing lock, the 
receiver begins to lose some or all of 
the incoming telemetry data and must 
go through a signal reacquisition 
process in order to regain lock. The 
time lost in reacquisition could he large 
enough to nullify any advantage gained 
by changing the data rate. Although 
there are ways to minimize the proba-
bility of losing receiver lock during 
data-rate changes, they are opera-
tionally complicated and often require
very precise predictions of the times 
when the rate changes will take place. 
In the present scheme, a precise pre-
diction of the instantaneous data rate is 
not needed. [However, coarse data-rate 
predictions are needed for initial ac-
quisition and for reacquisition after 
itiocle changes (not to be confused with 
rate changes).] In this scheme, the 
symbol clock in the transmitter has a 
continuous phase: in other words, even 
when the clock frequency changes 
abruptly, the clock phase remains con-
tinuous. Because of the continuity of 
phase and the smallness of the clock-
frequency increments, the symbol-
tracking 1001) in the receiver is sub-
jected to only small transient phase 
errors that do not cause it to lose lock.
Experiments and computational simu-
lations for some typical cases have 
shown that a receiver can, indeed, 
track the small frequent rate changes 
and that the telemetry returns achiev-
able h' use of this scheme exceed, by I 
to 2 dB, those achievable by use of the 
best-single-rate scheme. 
This work wa.s done b Miles K. Site, Je]] B. 
Berm'i: Selahailin Kavalai; and Henr Hotz 
of Caltech; Peter Kin man of Case Western Re-
serve L'niversii'1 ; and Harry Tan of Q-Plus 
for NASA's Jet Propulsion Laboratory. 
Forfu ri/icr information, access the 7ch n ical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and S ystems categoly. 
NPO-2] 024 
Software for Locating Heterogeneous Data in Different Places 
1S'sJet Propulsion Laboratory, Pasadena, California 
The Object Oriented Data Technol-
ogy group at NASA's ,jet Propulsion Lab-
oratory is developing soft-ware for locat-
ing data - especially scientific data - 
stored in various formats on heteroge-
neous computer systems at different lo-
cations. The software is intended to ex-
ploit and extend advances in Internet 
software and in distributed object-ori-
ented software to overcome the techno-
logical obstacles to integration of het-
erogeneous computing environments. 
The approach taken in this develop-
ment involves refocusing effort on the
development of metadata, which would 
be used to describe the available data re-
sources and to support interoperability 
of computing systems. The software 
would manage a hierarchical conglom-
erate of data-set-resource definitions 
that would make it possible for applica-
tion programs to locate the data that 
they require, without advance knowl-
edge of which computer data systems 
and catalogs to search. This software 
would utilize the Extensible Markup 
Language (XML) and the Common Ob-
ject Request Broker Architecture
(CORBA) to support for interchange of 
data among heterogeneous sources. 
CORBA would enable over-the-wire ex- 
change of XML-based profiles that 
would contain descriptions of data 
stored in remote computer systems. 
This /lingrain was written by Daniel Crich- 
ton, John Hughes, Sean Kelly , and Jason 
Thou of (altech for NASA's Jet Propulsion 
Laboratory. For Ju ri/icr information,  access 
the 7?'chnical Support Package (TV)free on-
line at www.nasatech.com under the Infor-
mation Sciences categmy. 
APO-21045 
NASA Tech Briefs, March 2001	 www.nasatech.com	 47
0Special Coverage: Data Acquisition 
Microstar Laboratories, 
Bellevue, WA, offers 
he DAP 5200a/626 
and DAP 5216a/626 
data acquisition proces-
sor boards that contain 
it 400 MHz AMD K6-
111+ processor, and a 
32-bit multitasking, 
real-time ooeratine 
system that runs on every data acquisition processor. The boards 
can be controlled through Windows 95/98/00/NT either locally 
or over a network. 
Each board comes with 32M of DRAM onboard memory and uses a 
PCI bus for PC-based platforms. They offer 12-bit or 16-bit D/A reso-
lution for additional analog outputs. The system'sonboard operating 
system supports more than 100 commands optimized for data acqui-
sition and control. Command categories include DSP filtering, DSP 
spectral anal ysis, sensor conditioning, software triggering, and 
process control. 
For More Information Circle No. 703 
Veriteq, Richmond, BC, 
Canada, has released the 
Spectrum SP-1700-N series 
thermocouple data loggers 
that feature a 4-microvolt 
input resolution that can 
monitor temperature envi-
onments from -220 to 
-240°C. They are available in 
three models: the SP-1700- 
20N with a single thermocou- 
pIe input, tin- l'-I 700-30N with two thermocouple probe connec-
tions, and the SP-1700-50N with four thermocouple inputs. 
All models have an input signal range of -7.2 to 8.8 millivolts. The 
miniature, standalone devices are designed for in-field recording of 
typeJ, K, 5, T, E, and R thermocouple temperature probes. The units 
feature an integral battery and non-volatile memory, and are resistant 
to electrical interference and physical shock and vibration. 
Applications include diagnosis, verification, and documentation of 
systems, equipment, and processes. 
For More Information Circle No. 701 
- The CompuScope 14100 
single-slot data acquisition 
card from Gage Applied. 
Lachine, QE, Canada, is ail 
A/D and scope card for the 
Ic al resolution, capable of it 
100 MS/s cligitization rate. 
SFDR > 70 d8 I fie card features 50 MHz 
Itandwtdth with over 70 dB 
dnamic range and 63 dB 
signal to noise ratio. It 
() ficls 1(J) to olli hiiiioii saillpIcs of onboard memory. 
Using Bus Mastering, data can be transferred from onboard mem-
ory to the PC's memory at rates up to 100 MB/s. Combined with 
GageScope for Windows software, the card can act as a digital oscil-
loscope, an FF1' analyzer, a transient recorder, or a waveform analyz-
er. Applications include disk drive testing, wireless signal recording, 
ultrasound, imaging, RADAR. CCD testing, and RE receivers. 
For More Information Circle No. 704
CE-Wedge serial data acquisi-
tion software from TAL 
Technologies, Philadelphia, 
I'A, is designed for interfacing 
-	 .artal devices such as bar code 
canners, calipers, microme-
ters, scales, and other devices, 
Ii any Windows CE program. 
Real-time serial data can be 
input directly into Pocket 
-	 Excel, Pocket Word, or other

Windows CE programs. 
The software features a 
one-screen, one-minute set-up 
and converts incoming serial 
-	 data to keystrokes so it 
apjwai in t r.i.iio jot iiI pid data. It adds additional key-
strokes, if required, to serial data to automate data entry, and sup-
ports date and time stamping of data. The software features support 
for COM ports 1 to 4. 
For More Information Circle No. 705 
Intelligent Instrumen-
ation, Tucson, AZ, 
Ifers the LANpoint 
F' Windows CE data 
ollection computers 
ith NEMA-4/1P66 
oes. They include a 
2 VGA display and 
itolD technologies 
egrated into an 
-jn-architecture ter-
initial. Also included are Web-euahicd svIL-in administration tools, 
software programmability, and installation and accessory options. 
The computers feature a built-in lO/lOOBaseT Ethernet adapter or 
IEEE 802.11 wireless Ethernet interface, and bar code decoding. Two 
COM ports are standard, and an optional digital I/O module pro-
vides eight opto-isolated digital inputs and eight digital relay outputs. 
One PCMCIA slot and integral connectors are included for adding a 
third-party external keyboard, mouse, or VGA monitor. 
For More Information Circle No. 700 
fl
Ehe Microlog CMV4 60 Version 
3.51 data collector/analyzer from 
SKF, San Diego, CA, provides 
unproved self-test capabilities, I automatic triaxial data collection 
via a new Triax accelerometer, and 
new firmware with a Configuration 
Wizard" feature. The Wizard allows 
users to store up to six user-defined 
preset application configurations. 
\ saved configuration can be 
-	 -	
-	 selected from a pull-down menu. 
-,	 The Triax accelerometer is used

- in combination with the company's 
Stud Adapter and the MARLIN 
QuickConnect stud for automatic 
measurement of triaxfai data, and is used in route-based applications 
where large volumes of data are collected. The studs are permanent-
ly located on the machine, eliminating the need to position the sen-
sor for each measurement. 
For More Information Circle No. 702 
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Telecom Embraces Raman Fiber Lasers 
New Products—see page 24a
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you need, on time, and at a competitive price.
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• Hot/coW 
Flat, curved, parabolic
o tical Coatings 
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• Uftrafast 
S Antireflective 
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• Write Quality Gratings as Sharp 
as your Phase Mask 
A new patented resonator generates a spatial coherence 
of >2 mm, resulting in excellent contrast. 
• Write Gratings with Easy Reproducibility 
With a pointing stability of <100 prad, eliminate risks 
of drift and vibration. 
• Control Grating Growth 
New Stable Energy Discharge (patent pending) for excellent 
Pulse-to-Pulse Stability, or <1 %, minimizes energy fluctuations. 
• Increase Throughput 
Write gratings faster with less peak power and a 200 Hz repeti-
tion rate. 
• Operate in Production or R&D 
Proven industrial design ensures reliable operation for high or 
low duty cycles. 
Stabilize your life. 
For fast production of FBGs, call Lambda Physik today for more information 
at 1-800-EXCIMER. 
Fa' field beam profile: 28mm x 15mm 
(>90% Energy Points) 
See us at OFC
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When Your Projects Are Complex... 
It's Time To Turn To LightTools. 
C
reate Complex Systems within 
Light Tools With the speed and 
convenience of your mouse, Light Tools 
enables a direct, interactive manipulation 
of your 3D model, letting you define or 
modify your illumination system. You 
can refine or iterate the design via direct 
manipulation of the model with fast 
OpenGL graphics, editing via dialog 
boxes, or using a spreadsheet interface 
that accesses the entire 3D data. 
Import Geometry from CAD/CAM 
Software Light Tools imports data via 
IGES, STEP and SAT. Its uniquely 
powerful repair capability configures 
even the most complex system to meet 
the extraordinarily high precision 
requirements of optical simulation. 
Specify 
Complex Optical 
Characteristics 
—
Lighnoois handles 
your optical and 
material property 
needs including 
user materials, surface 
scattering—importance sampling 
and BSDF included—spectral and 
polarization properties, and coatings. 
Fast and Accurate Analysis 
Light Tools' ability to quickly analyze 
a system may surprise you, especially 
if you have experience with other 3D 
optical programs. Efficient analytical 
tools within Light Thols include illumi-
nance, intensity, luminance, encircled 
energy, spot diagrams and source output 
analysis, to name only a few.
MR 16 faceted reflector optimized via 
ghtTooIs for uniform illumination. 
Analysis output includes illuminance 
raster plot, and iso-candela plot showing 
source intensity. 
a 
 !gal 
OPTICAL 
RESEARCH 
ASSOCIATES	 www.opticalres.com 
Corporate Headquarters: 3280 East Foothill Boulevard, Pasadena, CA 91107-3103 (626) 795-9101 
Fax: (626) 795-0184 E-mail: service@opticalres.com Web: www.opticalres.com 
Midwest Office: Beachwood, OH East Coast Office: Westborough, MA 
light Tool., and OR.-\ are registered trademarks of Optical Research Associates OpenGL is a registered trademark of Silicon Graphics. Inc 
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Photonics Tech Briefs 
2000 Readers' Choice 
Product of the Year 
E
ach issue of Photonics Tech Briefs 
in the year 2000 carried a 
Product of the Month, a pho-
tonics product the editors felt was of 
special interest and value to readers 
who work with lasers, optics, fiber 
optics, and video and imaging equip-
ment. Winners were chosen by reader 
vote on Photonics Tech Briefs' web site 
from among the six Products of the 
Month. The 2000 winners were: 
• Gold Winner and Product of the 
Year:PerkinElmer Optoelectronics 
(Santa Clara, CA) RID 1640 
AF1/All monolithic x-ray camera; 
• Silver Winner: Burleigh (Fishers, 
NY) Gemini surface topography sys-
tem; and 
• Bronze Winner: Coherent Semi-
conductor Group (Santa Clara, CA) 
F-Package fiber-coupled laser diode 
system. 
PerkinF.Inier Optoelectronics RID 
1640 AF1/AL1 Monolithic X-Ray 
Camera 
PerkinElmer - 
describes its RID 
164() AFI/ALI 
digital x-ray cam-
era as the indus-
try's first to offer 
a monolithicr 
active detecui 
area equal in size Engel, 
to conventional President, 
x-ray film. The Perkintlmer 
company says Optoelectronics 
that the 41-by-41-
cm detector, coupled with its megapix-
el spatial resolution and 65,000 grey-
scale detectivity, produces images 
impossible to achieve using x-ray film. 
Because the camera is only 5 cm thick 
and less than 20 cm larger than the 
detector, the camera is easily transport-
ed. With a complete image available 
for viewing in less than half a second, 
the user can determine if the captured 
image is the desired one, and if not,
take any number of others without hav-
ing to once again pose the subject. The 
electronic capture is Internet-compati-
ble, and compatible with all image 
analysis software and all PCs. 
PerkinElmer Inc. is a $1.7-billion 
high technology company operating in 
four businesses: optoelectronics, life 
sciences, instruments, and fluid sci-
PerkinElmer Optoelectronics monolithic x-ray 
camera 
ences. The company has operations in 
125 countries, and is a component of 
the Standard and Poor 500 Index. 
Optoelectronics consists of three 
strategic business enterprises: lighting, 
imaging, and telecom. Optoelectro-
nics employs approximately 5800 peo-
ple in the United States, Europe, 
Canada, and Asia. Revenues in 2000 
were $497 million. The RID 1640 
AF1/AL1's amorphous silicon detec-
tor panel is produced in Optoelectro-
flies' 80,000-square-foot headquarters 
facility in Santa Clara. 
Optoelectronics is a world-class 
provider of components for the tele-
com industry with expertise in optical 
semiconductors, micro-optic compo-
nent integration, and high-volume 
manufacturing. The company offers 
customer solutions incorporating its 
xenon, mercury, metal halide, and flu-
orescent lighting technologies. 
Applications range from fiber optic 
illumination to advanced video projec-
tion and photographic flash systems. 
A leader in amorphous silicon tech-
nology, Optoelectronics produces the
semiconductor panels that are the crit-
ical components of digital x-ray sys-
tems. With its partner GE Medical 
Systems, it is currently having an 
impact in the medical and dental 
industries and nondestructive product 
testing. 
Burleigh Instruments Gemini Surface 
Topography System 
Burleigh Instruments calls its 
Gemini surface topograph y
 system the 
first to combine an atomic juice mic lo-
scope (AFM) and an optical system 
profiler in one package. The Gemini 
includes Burleigh's Vista large-sample 
AFM and Horizon noncontact optical 
profiler, providing direct 3D measure-
ments from the millimeter to the 
angstrom level. The Vista offers con-
tact, AC, phase, and lateral force imag-
ing modes with optional scanning tun-
neling mode. The Horizon offers the 
capability to measure areas as large as 
2 mm square with a Z range of 100 
microns, while also providing vertical 
resolution on the angstrom level. Thus 
the Gemini measures topographic fea-
tures, surface roughness, friction, and 
compliance. 
Founded in 1972, Burleigh Instru-
ments is a leading manufacturer of 
dense wavelength division multiplex-
ing (DWDM) wavelength measure-
ment instruments and precision posi-
tioning equipment. Its products, used 
in basic and applied research, engi-
neering, and production test environ-
ments, include laser test and measure-
ment instruments, nanopositioning 
systems and micromanipulators, and 
surface imaging and measurement 
instruments. This wide range of prod-
ucts is based on similar technologies, 
such as precision mechanics, optical 
interferometry, and electro-active 
ceramic devices that display the piezo-
electric effect. 
In 1977 the company moved to 
"Burleigh Park," its present location in 
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Fishers, NY, about 20 miles east of 
Rochester. The facility, built on sever-
al acres of farmland, has grown to 
20,000 square feet of manufacturing, 
laboratory, engineering, and office 
space, with more than 90 full-time 
employees. Burleigh products can be 
found in scientific research labs at 
Burleigh Instruments Gemini surface topog-
raphy profiler 
most universities and government-
supported research programs, includ-
ing facilities of the National Institutes 
of Health, Department of Defense, 
Department of Energy, NASA, and all 
branches of the armed services. 
Late last year, Burleigh was ac-
quired by EXFO Electro-Optics 
Engineering, of Quebec City, Canada, 
a manufacturer of fiber optic test 
equipment for R&D, manufacturing, 
and network installation and mainte-
nance. According to EXFO, the merg-
er will enable the acceleration of 
growth in those sectors of business 
that focus on the needs of manufac-
turers in the rapidly growing optical 
component and DWDM transmission 
system markets. Kessler Marketing 
Intelligence, a leading fiber optic 
research company, estimates that the 
global DWDM transmission system 
market will expand from U.S. $8.9 bil-
lion in 2000 to U.S. $54 billion in 
2005. 
Coherent F-Package Fiber-Coupled 
Laser Diode System 
Coheniit Semiconductor Group 
iiitrodu&	 the F-Package System, 
s 111(11 it describes as a standalone 
microprocessor-controlled fiber-cou-
pled laser diode system in wave-
lengths from 650 to 980 nm. 
Delivering its power through a 0.5-rn-
long large-core optical fiber, the 
module consist of a single-stripe laser 
diode, rated from 0.2 to 2.5 W 
depending on the configuration, 
mounted on an active air-cooled heat 
sink with an optional thermoelectric 
cooler capable of regulating case
temperature from 10-40 degrees C, 
along with all necessary laser and 
TEC drive and control electronics. 
The F-Package system allows users to 
swap-out laser diodes at different 
wavelengths to support a wide variety 
of applications, including soldering, 
epoxy curing, medical therapeutics, 
graphic arts, and pumping solid-state 
laser media. 
Coherent Semiconductor Group's 
resources include a world-class manu-
facturing plant at its headquarters in 
Silicon Valley, CA, an 80,000-square-
foot growth capability in Tampere, 
Finland, an industry-leading Class 100 
cleanroom facility, an extensive appli-
cations lab and a worldwide network 
of service offices. The Group's 650- to 
1000-nm product line includes single-
stripe devices, fiber array packages, 
stacked arrays, FAP systems, and inte-
gration devices such as laser diode dri-
vers, optical imaging accessories, and 
thermal management platforms. 
Coherent Semiconductor Group's 
parent company is Coherent, Inc., the 
largest laser manufacturer in the 
world. Founded in 1966, Coherent is 
Coherent Semiconductor Group F-Package 
laser diode system 
focused on two principal market seg-
ments: the electro-optical market-
place, which includes Coherent 
Semiconductor, and the medical mar-
ket. In the electro-optical segment, 
which represents almost two-thirds of 
the company's business, the company 
targets such applications as semicon-
ductor and printed-circuit-board man-
ufacturing, micromachining, repro-
graphics, imaging, spectroscopy, 
forensics, information storage, and 
multimedia entertainment. 
Other finalists included New Focus 
(Santa Clara, CA) Models 102X and 
I4XX time-domain-optimized ultrahigh-
speed detectors; Spectra-Physics (Mountain 
View, CA) BL6-355Q semiconductor- 
pumped solid-state laser; and Eastman 
Kodak image Sensor Division (Rochester 
NY) KAC-0310 CMOS VGA image sensor. 
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TELECOM TESTMNG 
EMBRACES RAMAN
 
HBER LASERS
 
WITH ITS HIGHER POWER, THE FIBER LASER IS CHALLENGING 
EDFAS BOTH AS A PUMP SOURCE FOR OPTICAL AMPLIFIERS 
AND AS A SOURCE FOR COMPONENT TESTING. 
Erbium-doped
Fiber 
	
Multiplexer	 Multiplexer 
Incoming Signal	 r	 11	 Outgoing Amplified 
Signal  
	
980 nm	 1480 nm 
	
Pump Source	 Pump Source 
ptical amplifiers are one 
of the most important 
pieces of long-haul opti-
cal telecommunications 
technology under development at pre-
sent. Part of the development process 
for new optical amplifier products 
requires high-power damage testing of 
their optical components. The Raman 
fiber laser has recently emerged as an 
excellent tool for such testing. It is also 
attracting interest for deployment in 
the field, as a pump source for both 
Raman and erbium-doped optical 
amplifiers.
This article briefly reviews optical 
amplification and Raman fiber laser 
operation. The specific requirements of 
a Raman fiber laser for component test-
ing purposes are then examined, togeth-
er with an example of its use by a leading 
component manufacturer. 
OPTICAL AMPLIFIERS: BACKGROUND 
Optical amplifiers are used to directly 
amplify an optical signal, without requir-
ing it to he detected, converted into an 
electronic signal, electronically ampli-
fied, and then reconverted back into an 
optical signal. The leading technology
for performing optical amplification in a 
fiber optic cable is currently the erbium-
doped fiber amplifier (EDFA). The 
Raman fiber amplifier, however, has 
recently gained in popularity, and shows 
significant promise as a complementary 
technology. 
Figure 1 shows a simplified schematic 
layout of a single-stage EDEA. A length 
of erbium-doped silica optical fiber is 
spliced into a telecommunications fiber, 
which nominally carries a signal at 1550 
urn. Pump light is introduced into the 
fiber through a wavelength multiplexer 
and absorbed by the erbium ions. This 
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The line between success and failure is often as thin as a mirror. If your specifications call for hot mirrors, it's

time to call ZC&R. No matter what your need, from off-the-shelf to custom coatings, you'll find all your
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Cold Mirrors 
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Extended Hot Mirrors 
Similar to our crystal clear hot mirrors, our extended 
hot mirrors provide a wider range of JR protection. 
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915 nm
Pump Lasers Ytterbium	 Cascaded 
Fiber Laser	 Raman Resonator 
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I'll 
7 
Fiber Bragg
Grating End Mirrors 
pumping amplifies the 1550-nm signal 
photons, producing optical gain. 
The erbium ions absorb strongly at 
two different pump wavelengths: 980 nm 
and 1480 run. Systems utilizing either or 
both wavelengths are in use, because 
there are advantages to each. Typically, 
980-nm pump light (from a semicon-
ductor laser) is introduced at the front 
end of the system, and propagates in the 
same direction as the signal. This is 
called co-pumping. This architecture 
tends to minimize the noise characteris-
tics of the EDFA, and is useful for pre-
amplification purposes. In contrast, 
1480-nm pump light (from a semicon-
ductor laser or Raman fiber laser) is usu-
ally injected at the rear of the system. 
This counter-propagating arrangement 
is called counter-pumping. Counter-
pumping at 1480 nni usually maximizes 
EDFA gain, but can compromise noise 
characteristics in the system, and is often 
used for booster amplification. 
Raman amplification works in the 
actual in-ground optical communica-
tions fiber, unlike EDFAS, which require 
a special, discrete fiber. The technique is 
based on the phenomenon of stimulat-
ed Raman emission. An intense pump 
source at a shorter wavelength can 
coherently amplify an optical signal at a
longer wavelength, providing the differ-
ence in the two photon energies match-
es a resonant vibrational frequency in 
the glass of the fiber core. This differ-
ence is roughly 100 nm at 1550 nm. 
Raman amplification is a relatively 
weak effect, and can therefore occur 
over a very long distance within the 
fiber. Because of this, the technique is 
typically implemented using counter-
pumping. The signal, traveling in the 
forward direction, gradually loses 
strength as it propagates down the fiber. 
The pump light, coming from the 
reverse direction, is strongest at the end 
of the fiber at which the signal has 
Single 
WavePump 1455 nm & 1480 nm 
Module
Detector 
Detector 
Detector 
Detector	 Data Collection 
and Analysis 
Detector	 Electronics 
Detector 
Detector 
Detector, 
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_o! noise (65Q electrons) available for an 
array, as weH as spk.imI coverage extending 
from 0.8 to 1.65. mic,óns.Th yersçitile detector 
can be run either in high-capacity mode for NfR 
absorbance spectroscopy or in high-sensitivity mode 
for NIR Roman and NIR luminescence spectroscopy. 
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become weakest. Thus, counter-pump-
ing automatically delivers the greatest 
gain where it is most needed. It also 
greatly reduces the transfer of noise 
from the pump source to the signal. 
An important characteristic and 
advantage of Raman amplification is 
that, by choosing the appropriate pump 
wavelength, it can be used to amplify any 
signal wavelength within the transmis-
sion band of the fiber. In the case of 
1550-nm optical signals, a pump wave-
length of about 1455 nrn can be used. 
The use of different pump wavelengths, 
however, would enable S-band (1485-
1520 nm) and L-band (1570-1610 urn) 
amplification. In contrast, the EDFA 
works only in the C band (1530-1562 
urn) near 1550 urn. 
Given the numerous benefits of 
Raman amplification, why did EDFA 
technology gain earlier acceptance in 
the market? The answer is that stimulat-
ed Raman scattering is a nonlinear opti-
cal effect, and thus needs high power to 
operate. So Raman amplification wasn't 
really practical until the advent of high-
er-power pump sources at 1450 to 1480 
nm. In the long run, both techniques, 
which are somewhat complementary, 
will undoubtedly coexist. 
RAMAN FIBER LASER OPERATION 
A simplified schematic of a typical 
Raman fiber laser is shown in Figure 2. 
The outputs from several high-power 
915-nm semiconductor lasers are com-
bined and used to pump the outer 
cladding of an ytterbium-doped double-
clad fiber laser. The fiber laser produces 
output at 1083 rim, 1100 urn, or 1117 
nm, which is then coupled into a cas-
caded Raman cavity having fiber Bragg 
grating end mirrors. Inside this cavity, 
the light is Raman-shifted by an amount 
equivalent to the vibrational frequency 
of the core glass. Successive shifts pro-
duce a cascade, which can generate a 
wide range of wavelengths. In practice, 
this technique can be set to provide vir-
tually any wavelength (defined by the 
Bragg mirrors) from the original input 
wavelength up to the limits of the fiber 
transmission. 
For most EDFA applications, it is at 
present less expensive to multiplex sev-
eral semiconductor lasers, rather than to 
use a single Raman fiber laser. But there 
are applications where it is desirable to 
use a single high-power 1480-mn Raman 
fiber laser and numerous beamsplitters 
to power banks of low-power EDFAs. 
Another popular application is using 
1480-nm output of greater than 1 W for
festooning (connecting coastal cities 
with underwater links) or remotely 
pumping submerged EDFA.s. Here, the 
Raman fiber laser is a very
 practical alter-
native. 
The Raman fiber laser is also attrac-
tive for Raman amplifier pumping. In 
this case, the laser's higher power trans-
lates into the ability to amplify large 
channel counts or be split to simultane-
ously provide Raman amplification to 
several fibers. 
RAMAN FIBER LASERS FOR TESTING 
The Raman fiber laser is already gain-
ing acceptance as a superior source for 
component testing, where the require-
ments are different from those for field 
deployment. Specifically, in telecommu-
nications systems, reliability is the key 
consideration. The use of multiple 
pump lasers enhances reliability, 
because the failure of a single unit does-
n't cause catastrophic system failure. In 
contrast, when designing a Raman laser 
source for use in the development and 
testing of telecommunications compo-
nents, higher output power is a more 
important consideration. 
To meet the specific needs of the 
development and testing markets, 
Spectra-Physics recently
 introduced the 
Streamline-RI, Raman fiber laser. This 
product incorporates a single 35-W semi-
conductor laser bar pump source 
instead of multiple individual lasers. 
Operated at a very conservative power 
level, this ytterbium fiber laser with a cas-
caded Raman cavity produces more than 
5W of output power at the 1450-, 1455-, 
or 1480-mm wavelengths. The 5-W out-
put can he used either as a single high-
power source or split to supply multiple 
lower-power sources for simultaneous 
development or component testing 
applications. 
In addition to high power, the 
Streamline-RL has also been designed to 
provide development and test users with 
convenience and ease of use. For 
instance, it is offered with all the optics, 
electronics, and cooling packaged in a 
single box, incorporating closed-loop 
power control and an RS-232 interface. 
The unit operates off standard AC wall 
power and delivers its output through an 
SMF-28 single-mode optical fiber. 
COMPONENT TESTING 
WaveSplitter Technologies Inc. of 
Fremont, CA, develops high-perfor-
mance optical components and modules 
based on fused fiber and planar-light-
guide circuit technologies. One product, 
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called the WavePump, utilizes the com-
panY's patented Fused Cascaded Fiber 
(FCF) approach to combine either E1)FA 
or Raman amplifier pump wavelengths 
into a single fiber output for high-power 
amplifier applications. As an example, 
the WavePump has two fiber inputs, one 
for 1480 urn and one for 1455 rim, and a 
single output carrying the combined 
wavelengths. 
Development of this device necessi-
tates measuring its insertion loss and 
limiting power, as well as determining its 
appropriate rated lifetime. The compa- 
ny has found that the high power output 
of the Streamline-RI. significantl y aids in 
this work. The schematic of a typical test 
setup for the WavePump is shown in 
Figure 3. The output from two 
Streamline-RLs is split and used to Sup-
ply the input to a number of devices 
under test. This same configuration can 
be used for both life testing and deter-
mining high-power durability. 
This type of testing was previously 
performed using Raman fiber lasers 
with a 1.5-)A' maximum output. The 
advantage of the more powerful 
Streamline-RL is that it enables testing 
of many more devices simultaneously, 
reducing testing time and equipment 
costs. Furthermore, when used to tile-
test just one or a few devices, the 
increased power acccicraEcs the aging 
process, reducing development cycle 
time. Also, the high power available 
from the Streanihine-RL makes it easier 
to determine device failure limits. 
"The Streamline-RL's high power out-
put has definitely allowed its to perform 
testing more efficientl y, as well as more 
aggressively explore the performance 
limits of our designs, says Erkin Sidick, 
PhD, manager of advanced fiber optic 
devices at WaveSplitter Technologies. 
"In addition, the hict that it is a self-con-
tained unit has been a real advantage. It 
allows us to move it around the lab 
whenever we need to, and even take it to 
customer demos." 
For more in/ornatiori on the Streamline-
RL, contact the coauthor of this article, Bill 
Holtka nip, directar of sales, Spec1ra-Ph'sics 
leleconi. 1335 7rra Be/la Ave., Mountain 
View, GA 94043; (520) 746-6779; 
hholtkamp@splasers. coin. His coauthor was 
Di,* Kuizenga, product manager.
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Optical Modeling Softwc 
Moves Ahead 
Breault Research Organization's 
.ASAP 7.0 emphasizes volume 
rIculations and qraphics. 
A
SAP 7.0, the latest version of the 
optical modeling software just 
released by Breault Research 
Organization (BRO) of Tucson, AZ, was 
the subject of a "Photonics Town Square" 
product forum demonstration by Carey 
Portnoy of BRO at SPIE's Photonics West 
conference and exhibition in late January 
in San Jose. The excerpts below are taken 
from that presentation. ASAP customers 
who have a current BRO maintenance 
agreement automatically receive software 
upgrades. 
Kernel Features 
The ASAP kernel is the ray-trace 
engine and computational powerhouse 
at the heart of the program. This version 
of the kernel includes both new features 
and significant enhancements to famil-
iar tools. This time around BRO has 
emphasized volume calculations and 
graphics. Of the four major 7.0 kernel 
release features listed below, the first 
three fall into this category: 
• Finite-difference wave-field propagation;
MAP 7.0's beam propagation method 
• Volumetric energy tracking; 
• Inhomogeneous Monte Carlo volume 
scattering; and 
• Local and global optimization of basic 
lens systems. 
Finite-Difference 
Wave-field Propagation 
Finite-difference wave-field propaga-
tion allows ASAP to enter the realm of 
single-mode fibers, splitters, couplers, 
and other guided-wave problems. ASAP 
7.0 uses a unique beam-propagation 
method (BPM) that offers the best trade 
between speed and accuracy. Because 
finite-difference BPM is linked to the 
same basic data structures and analysis 
tools currently used by ASAP, it is rela-
tively easy for ASAP to make the transi-
tion from the bulk media to small-scale 
geometrical structures and back. Unlike 
most other BPM products with limited 
geometrical options, the user can gener-
ate arbitrary optical structures using 
either ASAP geometrical entities or 
CAD-generated shapes.
.In e iric kner 9y J iuckilig 
ew energy tracking features within 
P allow you to visualize, and quanti-
ely analyze, the way energy moves 
ugh, or is deposited within, your sys-
• Divide the space containing your 
cm into volume elements, or "vox-
k, ­ to analyze and visualize volume 
Absorption, fluence, and irradiance with-
in the three-dimensional space. Use the 
ASAP 3D Viewer and other ASAP graph-
ical tools to visualize the result interac-
tively. 
This new capability, in conjunction 
with methods already built into previous 
versions of ASAP, makes it easier to turn 
volumes or areas that have absorbed 
energy into emitters - sources of new 
rays with flux proportional to the 
deposited or fluent energy. This results 
in improved modeling of fluorescence 
and related emission phenomena. 
Inhomogeneous Monte Carlo 
Volume Scattering 
By popular demand, ASAP 7.0 also 
offers more direct volume scattering fea-
tures. Rays within an object can be scat-
tered according to a model that depends 
on the three-dimensional position with-
in the volume. Specify the angular distri-
bution of the resulting scattered rays as 
isotropic (as predicted by MIE theory, 
Henyey-Greenstein distributions), or a 
user-defined function. 
Local and Global Optimization 
of Systems 
A lens can be optimized using a brute-
force algorithm that finds either the 
nearest minimum or the global mini-
mum, without requiring the merit func-
tion to be continuous. This technique 
also allows constraints to be handled in a 
straightforward and exact manner. All 
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this is made possible by an extremely fast 
method in ASAP for determining the 
RMS spot size at any field location. On a 
typical system, over a million merit-func-
tion evaluations per minute can be 
achieved, independent of the number of 
fields. This ASAP feature quickly gets 
close to new solutions, which can then 
be tweaked elsewhere if necessary. 
Other Kernel Features 
ASAP has always emphasized ray-trac-
ing speed. Now the user can specify one 
hundred percent memory-resident ray 
files to speed up ray tracing and other 
commands that use the ray file inten-
sively. This feature can dramaticalls 
speed up ray-file access in computers 
with plenty of available RAM space (one 
gigabyte or greater). 
User Interface Features 
Whether the user works with pull-
down menus, the ASAP Builder, or the 
script Editor, he is communicating with 
the ASAP kernel via the user interface 
(UI). ASAP 7.0 uses the latest compiler 
technology to produce a multiple-docu-
ment interface tuned to the various styles 
of BRO's user base. It includes the very 
latest features available to Microsoft 
Windows® programs. A few of the most 
important improvements are: 
• Customization with persistence; 
• Workspace window power; 
• New Editor features; 
• Plot Viewer improvements and 
enhancements; 
• Integrated 3D Viewer; and 
• New bidirectional scattering distribu-
tion function (BSDF) fitting features. 
Customization with Persistence 
Perhaps the most appreciated charac-
teristic of the new ASAP user interface 
will be the ability to move in and make it 
the user's own. If you don't like a win-
dow "docked" against some particular 
edge of the workspace frame, move it 
somewhere else or allow it to float. Do 
you dislike toolbars? Turn them off. If 
you like buttons, five more "custom" but-
tons are available. Best of all, next time 
you start ASAP, everything will be just 
the way you left it. 
Workspace Window Power 
One of the new windows the user will 
see at startup is the ASAP Workspace. It 
has several tabs that show important 
information about the current state of 
ASAP. The Views tab shows what types of 
documents are currently open. The 
Objects tab shows the tree of all cur-
rently defined objects. A check box on 
each individual object or assembly 
shows which ones are currently "consid-
ered" by the ASAP kernel, and allows 
the user to effect changes by adding or 
removing check marks. This feature 
updates in real time, and is disabled 
only while a script is running. If you 
load projects, a third tab, Files, displays 
your project files. 
Menu Redesign and 
Reorganization 
ASAP 7.0 introduces a more intuitive 
menu system. Common functions that 
once took visits to several different dia-
log boxes can now he accomplished with 
oH	 f iilo]]iiit clifiu]1, 
flhc rlv-tra( lug dialog is a good cxaiii-
pIe. The default settings to this single 
dialog box allow the user to trace the 
rays from the beginning to the end of 
the system, producing a graphic includ-
ing the rays and the system geometry. If 
that isn't quite what you wanted, all of 
the original flexibility is just a few clicks 
away in the same window. A new button 
called "script" is available in every dialog 
box, allowing the user to see what ASAP 
commands are being generated by this 
particular function. You can easily cut 
and paste these commands into your 
own script file if you want to write your 
own ASAP scripts. 
New Editor Features 
For those who live in the script Editor, 
there are many new enhancements. 
Bookmark positions are saved for each 
file opened, as well as the last cursor 
position. When you leave and return to 
file, it will be like you never left. Color-
coding of commands and arguments 
now print in color as well.
Plot Viewer Improvements 
Users may choose to have all plots sent 
to a single window, since it is now easy to 
recover and compare previous results. 
You can click through historic plots from 
within that single window, or access spe-
cific plots from the project view. 
Zooming is also easier. Just drag the 
mouse to select a section, and ASAP 
expands the area of interest. The origi-
nal view is always one click away. 
Integrated 3D Viewer 
The 3D \Tiewer is now fully integrated 
iii	 do	 \-\l'	 n yu	 iuiuu y iit 	 \\uih
 tlii 
mic tool, the user can view his geometry, 
rays, and the results of analysis together 
or in isolation. 
New BSDF Fitting Features 
The ASAP philosophy has always been 
that accurate, quantitative scatter and 
stray light analysis cannot be done with 
rough approximations to the scattering 
behavior of surfaces. BRO recommends 
that representative samples of surfaces 
be measured and modeled in order to 
get valid results. 
To facilitate this, ASAP 7.0 has ex-
panded the bidirectional scattering dis-
tribution function fitting capability built 
into ASAP. You can interactively fit effi-
cient, realistic functions to measured 
data from a range of stirfaces, including 
polished glass, vacuum molded plastics, 
many diffusers, and painted surfaces. 
For more information please contact Breault 
Research Organization, 6400 East Grant Rd, 
Suite 350, Tucson, AZ 85715; (800) 882-
5085; outside U.S. & Canada: 1-520-721-
0500; fax 1-520-721-9630; www.breault.com . 
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Applied Magnetic Field 
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Figure 1. A Typical GMR Sensor would be constructed in either the current-in-plane (CIP) or current-perpendicu-
lar-to-plane (CPP) configuration. The electrical resistance of the device would vary with the applied magnetic field. 
c	 __ 
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Magnetic Microimagers Based on Giant Magnetoresistance 
Uses could include mineralogical exploration, detection of cracks, and reading magnetic cards. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Integrated-circuit imaging devices of a 
proposed type would contain planar 
arrays of microscopic sensors that would 
exploit giant magneto resistance (GMR). 
Each GMR sensor in such a device would 
define one pixel in an image with a pixel 
pitch of the order of tens of microns. 
With the difference that the GMR sen-
sors would respond to local magnetic 
fields instead of to locally incident light, 
they would perform essentially the same 
role as that played by photodetectors in 
familiar optoelectronic imaging devices. 
Indeed, the arrays of GMR sensors could 
be deposited on readout integrated cir-
cuits similar or identical to those on 
which, heretofore, visible and infrared 
photodetectors have been deposited. 
The proposed devices could be used, for 
example, as conventional magnetome-
ters and gradiometers, magnetic micro-
scopes for examining small ferromag-
netic particles or cracks in ferromagnet-
ic materials, imagers for mineralogical 
exploration, and readers of magnetic 
inks and magnetic cards. 
A typical GMR sensor according to the 
proposal (see Figure 1) would comprise 
several layers of magnetic materials sep-
arated by layers of nonmagnetic materi-
als, all supported by a silicon substrate. 
With the exception of the substrate, the 
thicknesses of the layers would be of the 
order of tens of nanometers or less. The 
layers could be grown on the substrate 
by vacuum deposition, sputtering, or 
even electroplating. The growth and 
other fabrication steps would involve 
delicate nanotechnological techniques. 
The antiferromagnetic FeMn layer 
would serve to pin the orientation of the 
magnetization of the Co layer. The Co 
layer would be regarded as magnetically
hard in that the applied magnetic field 
that one seeks to sense would not be 
strong enough to change the direction 
of magnetization of the Co layer. The 
NiFe layer, designated as the sensing 
layer, would be regarded as magnetically 
soft in that its coercivity would be less 
than that of the pinned (Co) layer and 
its direction of magnetization could be 
affected by the applied magnetic field 
that one seeks to sense. 
GMR is a large change in electrical 
resistivity in response to a magnetic field 
applied along an 
axis of sensitivity 
that would lie in a 
plane parallel to the 
layer planes and that 
would be deter-
mined by the direc-
tion of magnetiza-
tion in the pinned 
layer. GMR is the 
macroscopic electri-
cal manifestation of 
a phenomenon that 
is known as spin-
valve action and that 
involves differential 
scattering, by the 
magnetic fields of 
the various layers, of 
electrons with dif-
ferent spin polarizations. In order to 
obtain GMR in the proposed device, the 
separated magnetic layers would have to 
be antiferrornagnetically coupled. In-
asmuch as the coupling between two 
magnetic layers oscillates from ferro-
magnetic to antiferromagnetic as the 
thickness of the intervening nonmag-
netic layer is varied, it would be neces-
sary to tailor the thicknesses of the non-
magnetic layers precisely in order to 
obtain the antiferromagnetic coupling 
needed to realize a highly sensitive 
GMR sensor. 
Figure 2 shows the geometric rela-

tionship between an applied magnetic 
field, B, and the components of 
the magnetic field parallel and
perpendicular to the axis of 
sensitivity of a GMR sensor,
which could be one of many
such sensors arrayed in the x-y 
plane. The sensor would
respond only to the component
A. because the axis of sensitivity
as depicted here is oriented
parallel to the y axis. In order
to sense the component B0, it
would be necessary to rotate 
the sensor 900 about the z axis
to make the axis of sensitivity lie 
parallel to the x axis. Similarly, 
in order to sense B,, it would be neces-

sary to rotate the sensor 900 about the x
axis to make the axis of sensitivity lie 
parallel to the z axis. Alternatively, it
should be possible to construct an imag-

ing device containing a two- or three-

dimensional array of GMR sensors with 
orthogonal axes of sensitivity, so that it 
would he possible to sense B0 and B, or 
even B,, B,., and B,, simultaneously. 
This work was done by Sir B. Rafol of 
Caltedi for NASA's Jet Propulsion 
Laboratory. For further information, access 
the 1?'chnical Support Package (TSP)free on-
line at www.nasatech.com under the 
Electronic Components and Systems category. 
NPO-20 925 
Magnetized Object 
K __ By 
Sensing Field 	 Pinning Field 
Figure 2. The Orientation of a Magnetic Field relative to the axis of sensi-
tivity of a GMR sensor would affect the sensor response. 
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Infrared Radiation would be absorbed, causing warming of the ferro-
magnetic layer to near its Curie temperature and thus a decrease in mag-
netization. The GMIt portion of the sensor would sense the change in 
magnetization. 
PhotomG Tech Briefs 
Using Ferromagnetism and Giant Magnetoresistance To Sense IR 
Proposed sensors and imaging devices could operate at room temperature. 
NASA's Jet Propulsion Laboratory, Pasadena, Galfornia
Infrared (IR) sensors of a proposed 
type, and integrated-circuit imaging 
devices containing planar arrays of such 
sensors, would be based on a combina-
tion of (1) temperature-dependent fer-
romagnetism and (2) the use of giant 
magnetoresistance (GMR) to detect 
changes in ferromagnetism. Unlike 
many infrared sensors, the proposed 
sensors would not have to be cooled to 
very low temperatures; indeed, they 
could be designed for optimum perfor-
mance at room temperature. 
A sensor according to the proposal 
(see figure) would include a layer of fer-
romagnetic material coated with an 
infrared-absorbing material. The ferro-
magnetic material would be heated by 
incident infrared radiation. The chosen 
ferromagnetic material would be one 
with a Curie temperature (T) somewhat 
above the intended operating tempera-
ture; for example, MnAs (T. = 318 K) 
would probably be suitable for room tem-
perature (=293 K). 
The reason for this 
choice is that the 
magnetization of a 
ferromagnetic materi-
al decreases sharply 
with increasing tem-
perature as the tem-
perature approaches 
T, so that the mag-
netic field produced 
by such a material can 
serve as a sensitive 
indicator of tempera-
ture in the range just 
below 7' Hence, one 
would expect the 
magnetic field of the 
ferromagnetic mater-
ial to decrease when 
the material was heat- 
ed by incident infrared radiation. 
A GMR sensor is a multilayer device 
(for example, see the preceding article)
that exhibits a change in electrical resis-
tance when exposed to a change in a 
magnetic field. Some GMR sensors are 
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capable of detecting changes in magnet-
ic-flux density as small as 1 milligauss 
(10- Tesla). The GMR portion of the 
proposed sensor would sense the tem-
perature-dependent change in the mag-
netic field of the ferromagnetic layer. 
The ferromagnetic layer would be sepa-
rated from the GMR layers by a non-
magnetic layer with a thickness chosen 
to provide both magnetic coupling and 
sufficient thermal insulation to enable
the temperature of the ferromagnetic 
layer to rise appreciably upon exposure 
to infrared radiation. 
One of the advantages of both ferro-
magnetic materials and GMR sensors is 
that they can be engineered to operate at 
a chosen temperature with acceptably 
high sensitivity. Furthermore the layers 
of a GMR sensor are easily grown by sput-
ter deposition and molecular-beam epi-
taxy. According to the proposal, the
GMR layers would be deposited directly 
on a readout integrated circuit, followed 
by deposition of the nonmagnetic, ferro-
magnetic, and infrared-absorbing layers. 
This work was done by Sir B. Rafol of 
Caltech for NASA's Jet Propulsion La-
boratory. For furt her information, access the 
Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Electronic Components and Systems category. 
APO-20929 
Leakage-Compensated, Frame-Differencing APS Imager 
This imager would also provide frame summing and suppression of fixed pattern noise. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed complementary metal 
oxide/ semiconductor (CMOS) inte-
grated-circuit imaging device of the 
active-pixel sensor (APS) type is capable 
of simultaneously generating the pixel-
by-pixel sum and difference of two suc-
cessive image frames at high speed for 
real-time operation, while compensat-
ing for leakage and suppressing fixed 
pattern noise (FPN). Frame differenc-
ing (and, to some extent, summing) is 
used in a variety of image-processing 
Sapphire windows withstand sand, 
water, most chemicals, and other 
particles moving at high srrcJ.,
applications, including surveillance, 
range mapping, detection of motion, 
discrimination against background, 
compression of image data, and for 
solar-Doppler magnetographs. 
Heretofore, it has been common prac-
tice to compute frame differences in 
software after acquiring image data, but 
such computation tends to be too slow 
for real-time operation and to con-
tribute undesirably to the complexity 
and power demand of an image-data-
ft 
Superior quality products 
andflawless service since 1921. 
.1 iVieller Optics, Inc.
processing system. In an effort to over-
come these disadvantages of frame dif-
ferencing in software, APS circuits that 
incorporate capacitive memory ele-
ments and associated frame-differencing 
circuitry within pixels have been demon-
strated. Unfortunately, these circuits 
have been susceptible to unwanted cou-
pling of present-frame pixel signals into 
pixel memory elements and consequent 
corruption of the stored previous-frame 
pixel values. Often, true frame differ-
ences are smaller than amounts of leak-
age, so that the very purpose of frame 
differencing is defeated. The problem of 
correcting frame-difference errors is 
compounded by a need to avoid con-
tributing to FPN through inaccurate 
subtraction of pixel offsets. Regarding 
on-chip summing of successive frames: 
heretofore, there has been no circuitry 
capable of performing this function. 
The proposed imager would include 
pixel circuitry like that of prior CMOS 
APS imagers. It would differ from the 
prior imagers by incorporating rede-
signed column and global signal-process-
ing circuits that would contain switched-
capacitor gain stages (see figure on page 
22a). These redesigned circuits would 
(1) compute frame signals differentially 
to eliminate FPN; (2) provide different 
gains for present and preceding frame 
signals after FPN has been eliminated, in 
order to compensate for leakage; and (3) 
sum successive frames by use of modified 
gain-stage timing. 
During exposure of the present 
frame, charge from the present frame 
leaks (by optical coupling or diffusion) 
into the in-pixel storage capacitor, C, 
corrupting the signal stored during the 
preceding frame. The effect of the leak-
age is equivalent to that of multiplying 
the present- and previous-frame signals 
by different voltage gains prior to the 
• High visible clarity 
• High strength and hardness 
• Impervious to chemical attack 
• Precision ground in variety of sizes 
• Available with A/R coatings 
Call 800-821-0180 or fax	 P.O. Box 6001, Providence, RI 02940
specifications to 401-331-0519 401-331-371 7 e-mail: sales@melleroptics.com 
ISO 9002 Registered	 www.melleroptics.com
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analog computation of the difference 
between them. Hence, the effect of leak-
age could be compensated by use of 
modified gains; in particular, if ö is the 
fraction of signal charge from the pre-
sent frame that leaks into C,,, then one 
could compensate for the leakage by 
making the gain for the present frame 1 
+ 8 times that for the preceding frame. 
In the proposed circuit, the outputs 
from the pixels in a given row would 
be sampled simultaneously at the bot-
toms of the corresponding columns in 
column sample-and-hold capacitors 
and C52 ). These capacitors would then 
be successively switched into the global 
switched-capacitor gain stage, which 
would include operational amplifiers, 
feedback capacitors (C 151 and C152 ), and 
transistor switches. The gain in each 
branch would be governed by the ratio 
between its capacitances. These ratios 
(C 1 /C11 and C52/C 52 , respectively) 
would be chosen to obtain the different 
gains needed to compensate for leak-
age. The gains could be varied by 
changing capacitor sizes, by digital 
switching for parallel connection or dis-
connection of capacitors in increments 
of 0.01 x a base capacitance. 
In order to suppress FPN, it is neces-
sary to effect pixel-to-pixel offset correc-
tion and suppression of flicker noise, 
and this necessitates equal gains. In the 
absence of a further correction, the use 
of different gains to compensate for leak-
age would contribute to FPN. In the pro-
posed circuit, this correction would be 
effected by reading out each frame pixel 
value differentially with respect to an 
externally generated reference potential 
(V), and storing the differential value 
in the charge domain on capacitors. 
Thus, offset would be corrected for each 
frame pixel value independently. The 
offset-corrected charge would then be 
appropriately amplified by the global 
switched-capacitor gain stage. 
Generation of the sum of pixel values 
from two successive frames would 
involve sampling in different ways dur-
ing the two frames. The signal from the 
preceding frame, already stored in C,,, 
would be captured by sampling that sig-
nal first, followed by the reset. In-
asmuch as the same reset level would be 
used for computation of the pixel value 
of the present frame, sampling of the 
current frame would begin with sam-
pling of the reset voltage first, followed 
by sampling of the signal voltage. As a 
result, signals of opposite polarities 
would be generated in the two branch-
es. Thus, when the difference between 
global differential outputs is computed, 
the result would be the sum of succes-
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This Advanced APS Imaging Circuit would subtract or add (depending on applied timing signals) the 
pixel values of successive frames, using variable gain to compensate for leakage and a differential 
readout technique to suppress fixed pattern noise.
sive frame pixel values instead of the dif-
ference between them. Additional capa-
citors (CRH and CSII ) would be needed in 
every column in order to store all four sam-
ples for a given pixel while individual 
columns were scanned out. Measured 
results indicate residual error of <1 per-
cent, which is constant across the entire 
illumination range. 
This work was done by Bedabrata Pain, Gsuing 
Tang Monico Ortiz, and Suresh Seshadri of 
CaltechforNASA'sJet Propulsion Laboratory. 
For further information, access the Technical 
Support Package (7-SP) free on-line at u'wm 
nasatech.com under the Electronic Components 
and Systems category. 
In accordance with Public Law 96-517, the 
contractor has elected to retain title to this inven-
tion. Inquiries concerning fights for its commer-
cial use should be addressed to 
Technology Reporting Office 
JPL 
Mail Stop 249-103 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to APO-21049, volume and number of this 
NASA Tech Briefs issue, and the page number. 
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Software for Analyzing 
Telecommunication 
Link Performance 
NASA's Jet Propulsion Laboratory, Pasadena, California 
The Telecom Forecaster Predictor (TF'P) is a multi-mission 
computer program for analyzing deep space telecommunica-
tion links. Analysts use the TFP for link planning, performance 
prediction, and post-pass trending analysis. For each mission, 
multiple users access a controlled set of TFP software and mod-
els, but can customize their own TFP sessions. Built upon the 
popular MATIAB software platform, the TFP provides an envi-
ronment for high-performance numerical analysis and display 
of results. Link configurations are specified through a user-
friendly Graphical User Interface (GUI), and navigation inputs 
are provided through standardJPL NAIF SPICE ephemeris and 
attitude files, which the TFP can read directly. The TFP's build-
ing blocks are models which are created and examined using 
the TFP's model editing tool. Multi-mission models shared by all 
TFP users are provided in a carefully managed common library 
to avoid errors and duplication of effort. Sharing models and 
modeling architecture greatly accelerates the development of 
adaptations to support new missions. Software flow is visually 
traceable using the TFP's model tree. After execution, results 
are viewable in plot or tabular form using TFP's data visualiza-
tion tools. Snapshots of link performance at a given time are 
provided in link budget tables. 
This program was written by Kevin Tong and Ramona Tung of 
Caltech for NASA's Jet Propulsion Laboratory. Forfurther informa-
tion, access the Technical Support Package (TSP) free on-line at wwux 
nasatech.com under the Electronic Components and Systems category. 
This software is available for commercial licensing. Please contact 
Don Hart of the California Institute of Technology at (818) 393-3425. 
Refer to NPO-20875.
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it's ultra EASY

to carry these uItraCOMPACT

lasers to your ultraFAST applications! 
From the very beginning, IMRA's vision has been 
focused on bringing ultrafast technology out of the 
laboratory and into the real world for industrial, 
instrumentation and medical use. Based on revolutionary 
fiber laser technology, IMRA's ultrafast lasers are 
leading the way. 
These highly stable, fully fiber-based lasers provide 
ultrashort pulses at emission wavelengths of 1560 / 780 
nm (Er:fiber) or 1040/ 520nm (Yb:fiber). All models are 
' ultra-compact, truly turn-key, and are maintenance free. 
All this—combined with very rugged design and no 
need for external cooling—enables very easy integration 
into your applications. 
Engineered for commercial, OEM and research applications, 
IMRA's ultrafast fiber lasers are setting the standard for 
reliability and long lifetime. 
NEW: At SPIE Photonics West in January 2001 IMRA's 
two newest ultrafast lasers achieved very prestigious 
awards: The Wattlite 100 was awarded the "2000 
Photonics Circle of Excellence" (Photonics Spectra) 
and the FCPA-2 laser the "2001 Commercial 
Technology Achievement Award" (Laser Focus World). 
The new age in ultra fast technology 
For More Information Circle No. 493
For more information on the products below, go to wwwptbmag^ 
Product of the Month 
Automated Process Metrology Tool 
\,ecO Metrology Group, San Jose, CA, announces the Optiuni' TM laser 
diode inspection system and the Optiu.m thin-film filter inspection system, 
osteology tools for opus-telecom component manufacturing. The diode 
ospection system measures at the wafer, three-sided bar, and individual 
diode levels, while the filter inspection system checks high/low pass, 
DWDM, and gain flattening. The diode inspection system automatically 
locates and identifies coating, cleave, and crystal growth defects on the epi 
surface and facet ends, and also measures and analyzes critical lateral 
dimensions such as ridge width and height. The filter inspection system 
checks both the filter and AR sides for chips, cracks, scratches, coating 
defects, or contamination. 
New Products 
Add/Drop WDM 
Products 
)ptics, Barrington, 
releases a set of 
o,h-isolation add/ 
wp WDMs available 
in this, w n Is ii.,lIo Iii nin, 1550 nm, and 
1310/1550 nm 11w product line features an inser-
tion loss of <1.0 dB. The 1310- and 1550-nm products 
allow dual wavelength signals to be transmitted 
through the same fiber, and the combined product 
allows both wavelengths to be dropped and new 
signals added before being recombined. Operating 
bandwidth is ±40 run, and wavelength isolation 
is >40 dB. All of the devices are compatible with 
PC-type FC connectors. 
!	 . .
	
Dual-Loop Laser
Diode Driver 
\nalog	 Devices. 
•	 1
 
Norwood, MA, calls 
/ i ts ADN2840 prod' 
ici the first 2.5-
(;bps dual-loop laser 
slii iii hiNet iii bc' fiber optics communications mar-
ket. The company sass the patent-pending design 
monitors and controls average power and extinction 
ratio by correcting for variations caused by changes 
in operating temperature and laser-diode degrada-
tion over time, Other features include 80-usA maxi-
mum modulation current, 100-mA maximum bias 
current, and 80-ps typical rise time. Applications 
include SONET and SDH transmitters operating at 
or near OC-48/STM-1 6 data rates. 
O	
LED Ringlights 
I lie range of corn- 
pact l i ght-emitting 
bode (CRL range) 
inglights from Sto- 
O	
'	 I	 i ki'i'i'ale, Salem, NI-I. 
\ .,
 
contain 100 chip-on-
board LEDs corn-
L._...._ 	 limed with a single 
Ii	 I Iris I his architecture, the 
s.,iiii1s.su , sos, gives si'sy bright illumination with 
excellent uniformity and long lifetime. The standard 
ringlights are available in white, red, green, or blue, 
and custom multicolor versions are available. 
24a
High-Power UV 
Spot Light Sources 
— lainamatsu	 Corp., 
Bridgewater, NJ, intro-
duces the Lightning-
cure LC5 IN spotlight 
sources, iviuch the mis says is well suited for CV 
curing of optical parts, fiber optic connectors, and 
medical supplies, as well as for surface-mount device 
bonding and sealing of liquid crystal and other elec-
tronic parts. Hamamatsu calls the 3000-hour average 
life cycle the industry's best. Using a 200-W Hg-Xe 
lamp, the Lightningcure LC5 series delivers UV 
intensity of 3.5 W/cm 5 at 365 nor. The series is avail-
able in two models: the L8222, which permits front-
panel lamp replacement, and the [8333 for rear-
panel replacement.
Industrial-Grade 
DPSS Laser 
.inihda Physik, Ft. Lauderdale. 
•	 '1., says its PowerGatorsM IR, 
se latest in its series of indu'-
rial-grade DPSS lasers, micro
i-ratio features in hard materials 
inure Lhan 1 nuns thick. According to the compaus, 
the laser's short 15-ns pulses improve plasma pene-
tration, yielding features deeper than long-pulsed 
1064-nm systems. The TEMss near-diffraction-limit-
ed beam quality enables excellent focusability and 
high fluence levels of about 1 kJ/cm', Lambda 
Physik says. PowerGator LR was developed specifical-
ly for laser-micromachining small features of less 
than 50 micrometers in ceramics, silicon, and metal 
alloys from 0.75 miii to 1.5 mm thick. 
9,J 
Fiber Optic Radius Control 
1 4-vice Technologies. Marl' -
 
—
	 ogh, MA, introduces a radio' 
• 	
ritrol module (RCM) desi 
I
hid to provide BICSI-reconi- 
i'iided minimum bend radius 
i fiber optic cables. NEBS- 
snpliant, the control module's 
'nip-in-place design helps speed 
ssiii iii/' • 	 i...i' s'tforts, the company says.

The 1 111C conies iii three different widths: 3,00 in. 
(76 mm), 1.75 in. (44 mm), and 1.00 in. (25 mm). 
Typical applications in telecom and datacom net-
works include fiber system patch panels, fiber inter-
connect panels, switches, routers, and multiplexers. 
www,nasatech.com
DFB 1550-nm 
-
CW Sources 
(alit ornia	 Eastern 
laboratories (CEL), 
Santa Clara, CA, is 
making available the 
NEC NX8562LB and 
NX85631.B laser diode modules. These lnGaAsP dis- 
tributed feedback lasers, with 10 and 20 mW power 
respectively, are designed to serve as 1550-nm contin- 
uous-wave light sources. CEL recommends them for 
long-haul DWDM, metro networks and access, and 
other OC-48 transmission systems in which external 
modulators are used. The devices are housed in her- 
metically sealed 14-pin butterfly packages that fea- 
ture internal thermoelectric coolers and internal iso- 
lators. Spectral line width is 2 MHz. 
N Ceramic Polarization-Maintaining Connectors The new ceramic-ferruleFC-PC and FC-APS polar-

ization-maintaining con-

nectors from Rifocs Corp., Camarillo, CA, were
designed for telecommunications, medical, and mil-

itary applications. The cable assemblies use a 
stressed optical fiber and a tunable connector to con-
trol the alignment of light waves traveling down the 
optical path. Polarization-maintaining connectors 
differ from their standard counterparts in that the 
ferrule can be rotated around the axis of the fiber 
during assembly. The cable assemblies are available 
for 630-, 850-, 1300- and 1550-nm operating wave-
lengths. 
)	 \	 Right-Angle 
ç	 Surface Mount
LED 
, new patented 
li'-LX2432 Series 
- ,
	 lit-angle surface 
uris LEDS from 
isis ' is, Pa latit ic. Ii-, liii us .1 1.4"rs'um distance 
between the LED's light center and the top of the cir-
cuit board, as opposed to the more common 0.6 mm. 
Lumex says these LEDs allows designers of panel or 
fault indicators, backlighting overlays, and keypad 
edge-lighting systems more oft-the-board height to 
enhance visibility away from the edges of the case. All 
SM.F-LX2432 units feature AIInGaP or InGaN die 
formulations for maximum light efficiency, accord-
ing to the company.
)iode-Pumped 
L se S 
o f
 
--	 -	
- Tins Cutting Edge
 
- i continuous-wave 
diode-pumped solid-state line that has multiple trig-
gering options and field-replaceable components. 
They deliver up to 50 W continuous-wave, or they 
can be AO Q-switched from 1 to 50 kHz, delivering 
tip to 35 W. Several models are available, including a 
TEMa1 unit. The company says that these units will 
operate maintenance-free in the dirtiest industrial 
environments.
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JTest and Measurement 
ft Measuring Contact Angles of a Sessile Drop and Imaging 
Convection Within It 
Ordinary and laser-shadowgraph images yield valuable information. 
John H. Glenn Research Cen1e; Cleveland, Ohio 
Figure 1 depicts an apparatus that si-
multaneously and synchronously 
records magnified ordinary top-view 
video images and lase r-shadowgraph
video images of a sessile drop. The 
real-time values of contact angle and 
rate of evaporation of the drop as func-
tions of time can be calculated from 
the apparent diameters of the drop in 
the sequences of the images. In addi-
tion, the shadowgraphs contain flow 
patterns indicative of thermocapillary 
convection (if any) within the drop. 
These time-dependent parameters and 
flow patterns are important for under-
standing the physical processes in-
volved in the spreading of evaporating 
liquids in such diverse technological 
applications as coating (including 
painting), film cooling, processing of 
materials, lubrication, and boiling.
Study of the spreading of drops can 
also contribute to understanding of 
the spreading of biological cells. 
The apparatus includes a combina-
tion light source of a collimated white-
light beam and a collimated laser beam 
(omitted from the figure), which are 
used to observe the ordinary top-view 
images and the shadowgraphs, respec-
tively. Charge-coupled-device (CCD) 
camera I acquires the ordinary top-view 
video images, while CCD camera 2 ac-
quires the shadowgraphs. The drop acts 
as a pIano-convex lens, focusing the 
laser beam to a shadowgram on the pro-
jection screen in front of CCD camera 2. 
The equations for calculating the 
contact angle and rate of evaporation 
of the drop are readily derived, starting 
from the basic equation for the focal 
length of a pIano-convex lens with the
drop size. The derivation is simplified 
by invoking the assumptions that (1) 
the mass of the drop is sufficiently 
small that its shape closel y approxi-
mates a section of a sphere and (2) the 
drop is thin enough that its focusing 
action can be represented adequately 
by the thin-lens approximation. Omit-
ting intermediate steps of the deriva-
tion for the sake of brevity, the results 
are the following: 
The time-dependent radius of curva-
ture of the spherical drop surface is 
given by 
R(t)=(n—l)(s+p)	 (1(1) 
(1(t) + 1) (1) 
where a is the index of refraction of the 
liquid in the drop, s and p are constant 
dimensions indicated in the figure, d is 
the time-dependent diameter of the 
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Figure 1. The Time-Dependent Diameters d and D measured in images acquired by cameras 1 and 2 can be used to calculate the contact angle and rate of 
evaporation of the drop in the test section. 
50	 www.nasatech.com	 NASA Tech Briefs, March 2001
Magnaplate coatings solve toucah
 
wear, corrosion, and release 
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Ordinary Top-View Image Acquired by Camera 1, Showing d= 5.72 mm 
Shadowgram Acquired by Camera 2, Showing D = 85.7 mm 
Figure 2. These Images Were Acquired Simultaneously, by use of the apparatus of Figure 1, during ob-
servation of an evaporating sessile drop of trichlorotrifluoroethane. 
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drop as measured in the ordinary 
image acquired by CCD camera L and 
I) is the time-dependent diameter of 
the shadowgram as measured in the 
image acquired by CCD camera 2 (see 
Figure 2). 
The time-dependent contact angle is 
given by
arcsin d(t) — 
2R (t) 
The rate of change of volume of the 
drop (the negative of the rate of evapo-
ration) is given by 
V = 21rhh(R_!)+ 1rh 2(R _!)
where
h=R_R2_d2/4 
and the overdot signifies differentiation 
with respect to time. 
This work was done by David F Chao of 
Glenn Research Center and Nengli Zhang 
of Ohio Aerospace Institute. For further infor-
mation, aCCeSS the Technical Support Package 
(TSP) free on-line at www.nasatech.com  
under the 'I'est and Measurement category. 
Inquiries concerning rights far the commer-
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-1 7075. 
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Still Lild baLit haw ta 
Lit a r m rk ycoLmr 1mrcoclamlict? 
Steel, labels, acrylic, foam, cork, leather, fabric, lace, gas- 
kets, sail cloth, nylon, sandpaper, vinyl, specialty paper, 
wood, and plastic. Every day over 30,000 Synrad CO2 
lasers cut, drill and mark these and many other materials. 
Applications are practically boundless - the more you 
learn about our lasers, the more uses you will find for them. 
Simple to use with the reliability demanded by 
the toughest industrial applications. No gas bottles to 
replace, tools to resharpen or nozzles to clean - our lasers 
offer maintenance-free operation 24 hours a day for over 
four years. That's why Synrad lasers cost less to buy and 
run than other technologies. 
Integrating our lasers into your existing applica-
tion is easy. We design our CO 2 lasers to he components - 
think of them as light bulbs - to mate with XY tables, 
gantry systems, or robot arms. No major redesigns are 
necessary to obtain the benefits of laser processing.
Our all-sealed technology means no adjustments or align-
ment problems - ever. 
Eliminate die cutters, blades, scribers or ink. The 
small focused laser beam produces sharp, clean edges and, 
as the process is non-contact, intricate patterns can be cut 
in thin, delicate materials with no drag - even at high 
speeds. CO2
 lasers can offer increased precision, higher 
processing speeds and less waste. 
Never used a laser before? Neither had most of 
our customers before talking to us. To learn how sealed 
CO2
 lasers can help improve your process quality and 
reduce your manufacturing time and costs, call 
I .800.SYNRAD1 today. 
www. syn r ci a r,i 
J.:TT--- Serd ui yaau- sml far 
FREE Pwceis E,Iu.atiari 
_____________	 an you benefit from laser technology? Find out by siding us samples (rerrsnibe to 
•	 include a descziptiOn of your current process and, if possible, an example of a "finished" 
_ -,	
wcxiuct). You'll receive a Syoiad SamplePak containing your samples (suitably marked, A 
•	 nl or cut by ourApplicatiais Facility), a wntti Mat,'nals EvaILjit!on and r ion nfo 
mallen on implementing Laser technology 
An Excel Technology Company 
6500 Harbour Heights Parkway Mukilteo, Washington 98275 USA tell .425.349.3500 fax 1.425.485.4882 e-mail synrad@synrad.com 
02001 Synrad, Inc. All rights reserved. Synrad is a trademark of Synrad, Inc. 
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Improved Encryption-Mode GPS Receiver 
An auxiliary antenna is used to improve the estimate of the GPS A-code. 
NASA 'sJet Propulsion Laboratory, Pasadena, California 
GPS Satellite 
Primary Antenna	 \J7 Auxiliary Antenna 
I Front End 
An improved Global Positioning Sys-
tern (GPS) receiver, which processes an 
encrypted P-code signal without knowl-
edge of the encryption code (denoted 
here as A-codeless mode), includes an 
auxiliary antenna and associated addi-
tional signal-processing circuitry. The 
improved design of this receiver makes it 
possible to achieve signal-to-noise ratios 
(SNRs) greater than that of prior A-
codeless-mode GPS receivers, especially 
when GPS satellites appear at low eleva-
tion angles. 
The GPS P-code signals are sometimes 
modulated by a secret binary code, de-
noted here as the "A-code," for use in 
sensitive military and other 
government applications to 
prevent jamming signals 
from being accepted as GPS 
satellite signals. Full preci-
sion in timing and position-
ing measurements can be 
obtained by correcting for 
the A-code, if it is known. In 
the absence of knowledge of 
the A-code, one can still ob-
tain useful precision by esti-
mating the A-code. 
The need for the im-
proved design arises be-
cause, in the A-codeless 
mode, performance deterio-
rates significantly when an-
tenna gain is low. For exam-
ple, the choke-ring antennas 
customarily used in some 
GPS receivers are designed 
to have very low gains at low 
elevation angles in order to 
reauce mutuparn errors. 
These low gains result in 
low SNRs, particularly in the 
A-codeless mode. 
The basis of the improved 
the following: The A-codeless-n 
of a GPS receiver can be 
creased at low elevation aug 
gain, without compromising 
path rejection of choke-ring at 
use of an auxiliary antenna w 
pattern that complements th 
choke-ring antenna; that is, w
gain at low elevation angles. The signal 
received by the auxiliary antenna is used 
solely to improve the estimate of the A-
code in the signals received by the pri-
mary antenna. The signals received by 
the choke-ring or other primary an-
tenna are subjected to the customary 
GPS processing to obtain delays and 
phases, but now the estimates of the de-
lays and phases are improved by use of 
the improved estimate of the A code. 
The auxiliary antenna is either placed 
near the primary antenna or else is part 
of the primary antenna structure. In the 
front end of the receiver (see figure), 
the radio-frequency signal collected by 
20 MegasamplesD
per Second 
Digital Signal Processor 
Primary	
I 
Auxiliary I	 20-msD Correlation Sums 
Tracking Processor
The DSP operates in a feedback rela-
tionship with a tracking processor, 
wherein the main and auxiliary signals 
are tracked in separate channels by use 
of separate tracking loops for delay and 
phase in each channel. As is typical in a 
GPS receiver when in lock, the in-phase 
(I) component in each antenna channel 
contains almost all of the counterro-
tated signal strength, while the quadra-
ture (Q) component is small and reflects 
the phase-tracking error. 
When the stand-alone SNR of the pri-
mary channel is approximately equal to 
or less than the stand-alone SNR of the 
auxiliary channel (as when the GPS 
satellites appear at low eleva-
tion angles), the effective 
SNR for phase and delay in 
the primary channel can be 
increased by making use of 
the prompt I component in 
the auxiliary channel to im-
prove multiplicative correc-
tions in the primary channel 
that tend to remove the A-
code signal from I and Q com-
ponents. Logic circuitry in 
the tracking processor deter-
mines when and how to use 
the prompt I component in 
the auxiliary channel for this 
purpose. A description of how 
this is done would greatly ex-
ceed the space available for 
this article. Suffice it to say 
that the effective SNR for 
phase and delay can he in-
creased by an amount that 
typically lies between 0 dB 
(for an auxiliary signal 
weaker than the primary sig-
nal) and approximately 14 dB 
auxiliary signal stronger than 
arv signal). 
sark was done & J
.
 Brooks Thomas, 
Meehan, and Lawrence Young of 
'or NASA's Jet Propulsion Labo-
For further information, access the 
/ Support Package (TSP) free on-line 
nasatech.com under the Electronic 
'nis and Systems category. NPO- 
The Signal Received by the Auxiliary Antenna is processed to improve the esti- 
mate o the GPS A-code in the signal received by the primary antenna. The net 
result is an increase in the effective SNR. 
the auxiliary antenna is down-converted 	 (for an 
design is	 to baseband and converted to digital	 the prin 
node SNR
	 samples in the same fashion as that of	 This s 
reatly in-
	 the signal from the primary antenna. 	 Thomas 
Ic or low
	 The resulting quadrature baseband sam- 	 Ga/tech j 
the multi-	 pies are fed to a digital signal processor	 ratory. 
Itenna, by
	
(DSP), where they are processed in a	 Technica 
ith a gain	 separate channel with the same opera- 	 at www. 
at of the	 tions as those performed on the signal 	 ComponE 
ith a high	 from the primary antenna.	 20784 
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&- The simple fact is that no single solution—be it 	 nung pioneer this industry over 50 years ago. So if you're 
- ftware plug-in or instrument based—is right for every so 	 looking for someone to shed a little objective 
Time-saving software 
application. That's why Keithley offers both. And 	 tools included	 light on your data acquisition problems, log on to

we're the only company that does, which means you can keithley.com/dac  and download your FREE StraightStuff 
trust us to be completely objective about which solution 	 Data Acquisition Kit. It's the first step toward making

is right for you. What's more, every solution we offer is as buying decisions based on what's right for your application. 
reliable and accurate as they come. After all, we helped	 Isn't choice a wonderful thing? 
Learn more at 1.888.KEITHLEY or www.keithley.com  
A GREATER MEASURE OF CONFIDENCE 
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Low-Power, Sparse-Sampling GPS Receiver 
Performance can approach that of a heavier, higher-power, full-fledged GPS receiver. 
NASA 'sJet Propulsion Laboratory, Pasadena, California 
The term "microGPS" denotes a 
Global Positioning System (GPS) re-
ceiver design concept that combines rel-
atively simple, lightweight, low-power-
consumption hardware with portable, 
efficient software. The power demand of 
a microGPS receiver can he made low be-
cause it is designed to sample sparsely; 
that is, to "awaken" from a "sleep" mode 
only occasionally to sample GPS signals 
during short intervals. MicroGPS was 
conceived for navigational use aboard 
some small Earth-orbiting satellites for 
which full-fledged GPS receivers would 
be too complex, massive, and power hun-
gry, and for which positioning errors as 
large as a few hundred meters would be 
acceptable as part of the price of low 
mass and low power consumption. The 
microGPS concept may also prove attrac-
tive for terrestrial applications that in-
volve similar design tradeoffs. 
The hardware of a prototype mi-
croGPS receiver aboard the Student Ni-
tric Oxide Explorer (SNOE) spacecraft 
consists of a lightweight patch antenna 
and receiver circuits that include an in-
expensive oscillator, a down-converter/ 
sampler, and a memory chip. The re-
ceiver circuits consume a peak power of 
875 mW during acquisition of samples of 
GPS signals and a power of 75 mW dur-
ing standby (with the oscillator running, 
ready for commands). For the SNOE 
mission, GPS signal data are acquired 
during sampling periods 20 ms long, 
once every 15 minutes (about 6 times 
per orbit). The volume of data is about 
450 kilobytes per day. The GPS samples 
are stored in the memory chip for sub-
sequent processing. 
In order to offer maximum flexibility 
in satellite design, the microGPS orbit-
determination software is designed for 
execution either aboard the spacecraft 
or on the ground. In the latter case, the 
sparse GPS samples are telemetered to 
the ground and processed in post real
time to compute spacecraft orbits that 
can be uploaded to the satellite and pro-
jected ahead for use in real time. Aboard 
the spacecraft, the software could be ex-
ecuted either in the flight computer of 
the spacecraft or in a special-purpose 
processor within the microGPS hard-
ware unit (with slight increases in mass 
and power consumption). 
The mass of the receiver, including 
the patch antenna, is only 595 g. The as-
pect of the receiver design that makes it 
possible to achieve such a low mass is a 
modified architecture in which all of the 
GPS-specific signal processing typically 
implemented in parallel on special-pur-
pose hardware in other GPS receivers is, 
instead, implemented serially in soft-
ware. Moreover, whereas the amount of 
computation to acquire signals in other 
GPS receivers is approximately propor-
tional to N 2 (where Nis the number of 
discrete time samples), the amount of 
computation is proportional to Mn(N) 
One, Two or Four... 
RS-232 and RS-422/485 PCMCIA cards
for portable asynchronous and synchronous serial applications 
-j aerospace	 _i banking	 -J telecommunications 
POS	 -i process control	 3 industrial automation 
www.quatech.com 
Quality Technology Joiii ;\pplcation to Solution 
800-553-1170 330-434-3154 fax 330-434-1409 sales@quatech.com
 
ISO 9001 Registered Company	 Made in the LISA 
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Electronics 
in this receiver due to the use of fre-
quency-domain processing. 
The sequential time-tagged GPS signal 
samples are down-converted, filtered, and 
quantized to a single bit. The receiver 
samples the signal at a rate of about 20 
MB/s but can be programmed to per-
form a sum-and-dump filtering and deci-
mation function to reduce the data rate 
to about 2 MB/s. The sampled data are 
searched in Doppler shift (over a range of 
±45 kHz) and in delay [over 1 repeat cycle 
(1 ms) of the Coarse-Acquisition (C/A) 
code]. The search for GPS signals and the 
extraction of observables (Doppler shifts 
and pseudoranges) is effected by use of a 
Fourier-transform-based technique of 
time-domain correlation. 
There is an important distinction be-
tween the usual GPS pseudorange and 
the pseudorange in microGPS: Whereas 
the usual GPS pseudorange represents 
absolute, unambiguous range (plus 
transmitter and receiver clock offsets), 
the reliability of the pseudorange in mi-
croGPS is limited by an ambiguity of 1 
ms (300 km); this is because the 20-ms 
sampling period is not long enough for 
either decoding the GPS navigation-data 
message (and thus GPS time is unavail-
able) or reliably determining the times 
of the bit transitions of the message. 
The range ambiguity is resolved by 
further processing in three steps. First, a 
crude (accurate to within 50 km) orbit is 
computed by use of the Doppler data 
from multiple GPS satellites. Next, a set 
of unambiguous range data is computed 
from a combination of this crude orbit 
and the GPS-satellite orbits, which are 
known to far better accuracy. Finally, the 
ambiguity is resolved by direct compari-
son of this unambiguous set of com-
puted range data with the ambiguous 
microGPS pseudorange data. 
This work was done Stephen Lichten, 
Thomas Meehan, Jeffrr Snnavasan, Sien-
Chong 14h, and Lawrence Young of Caltech 
/or NASA's Jet Propulsion Laboratory. 
lorfurt her information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
(unirnercial use should be addressed to 
Technology Reporting Office 
JPL 
Wail Stop 249-103 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Jh]cr to NPO-20835, volume and number of 
this NASA Tech Briefs issue, and the page 
number
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A CAE electromagnetic package 
that immediately boosts 
productivity and saves prototyping 
costs is hard to find. That's where 
our line of innovative boundary 
element method (BEM) simulation 
software can help. 
We've designed each of our 
packages around three basic 
principles: advanced techno1og 
productivity and outstanding 
customer service.
..... 
A clean, intuitiue, user interface 
means the software is easier to 
use and learn than most other 
electromagnetic CAR tools. 
Advanced Technology 
We use Integrated's software to 
model precision magnetic circuits 
for the reprographics industry as 
well as other electromagnetic 
applications. The software enables 
us to create extremely accurate 
virtual results. This has allowed us 
to greatly reduce our prototype-to-
production phase." 
GroupAmold 
Magnetic Technologies Corp. 
Rochester, NY.
Advanced features like our intuitive 
user interface, extensive materials 
library, powerful solvers, 
exportable data and graphics, 
flexible post processing options 
and powerful parametric 
optimization routines give you 
the most sophisticated programs 
available anywhere. In addition, 
our coupled electromagnetic/ 
mechanical suite gives you 
complete solutions. 
Productivity 
'integrated's software offers 
Industrial Coils the ability to model 
our designs quickly and accurately. 
Our design time has been reduced 
from three weeks down to two and 
a half days. 
Mike Potter 
Assistant Engineering Manager, 
Industrial Coils, 
Baraboo, Wi. 
You'll be producing useful designs 
in a matter of hours! We provide 
you with sample sessions to work 
through, on-line help, web support 
and full technical and application 
support to help you solve your 
toughest design issues. You also 
get industry standard links that 
connect you to your favorite 
CAD program for easy file 
import/export, shortening your 
design process even further.
and solving your own designs. In 
just one week, solve even the most 
challenging and sophisticated 3D 
designs. 
Ease and Accuracy 
'We are using 
Amperes to rnoii& 
the recording 
process for both the 
writing and reading 
of high density data 
storage apps. We are 
very impressed 
with the user 
friendliness and 
accuracy of the 
program." 
Dr. Sakhraf Khizroev 
Dr. Dimitri Litvinov 
Seagate Technologies 
Pittsburgh, PA. 
Solution 
capabilities 
include: 
• magnetostatics 
• eddy currents 
• electrostatics 
• charged particle 
• high frequency 
• mechanical 
• thermal 
• And more...
• Quick-start guide 
• Full technical support 
• Full user support 
• Sample sessions 
• Technical papers 
• All FREE... 
oitr 1"REL' Demo kit 
will have you working in 
a matter of hours. 
Try it FREE 
0 Call today: 
1-204-632-5636 
Vu N TI G RATE D 
W1 ENGINEERING SOFTWARE 
E-mail: Info@integrated.ca 
Web: www.integratedsoft.com  
Yours FREE for 30 days 
Call )04-632-5636 to order your 
In just minutes, install your 	 free, no-obligation demo kit 
program on your desktop PC.	 complete with: 
Within one day begin working on,	 . Tutorials 
For More Information Circle No. 574 or Visit www.nasatech.com/574
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*Software Models Spacecraft Dynamics and 
Space Environment 
Toolbox for MATLAB reduces control-system design time and cost. 
Princeton Satellite Systems, Princeton, New Jersey
TECH BRIEFS 
MODEL AND SIMULATION EXCHANGE 
The Spacecraft Control Toolbox 
(SCT) helps design control systems and 
attitude estimators, analyze station-keep-
ing requirements, generate fuel and 
pointing budgets, and analyze spacecraft 
dynamics. The SCT provides a compre-
hensive set of over five hundred functions 
including: 
• Attitude dynamics modeling including 
flexible and multi-body spacecraft 
• Orbit dynamics analysis and simulation 
• Spacecraft control system design and 
analysis 
• Attitude estimation 
• Ephemeris calculation 
• Environmental modeling including at-
mospheric, gravitational, and magnetic 
field 
• Pointing and propellant budgeting 
• Spacecraft visualization 
• Extensive database of useful parameters 
Princeton Satellite Systems (PSS), in co-
operation with Innovation Chain, has 
made a number of these functions avail-
able for general use through the NASA 
Tech Briefs Model and Simulation 
Exchange website (http://nasatech. 
innovationchain.com/first.asp) . The 'Jac-
chia 1970 Atmospheric Model" and the 
"Keplerian Elements to Radius and Veloc-
ity Vectors Model" (http://nasatech .
innovationchain.com/solution.asp?SN=2  
02) are two of the SC  functions available. 
The Jacchia 1970 Atmospheric Model 
computes the atmospheric density using 
jacchia's 1970 model as presented in 
"Models of the Earth's Atmosphere (90-
2500 km)," NASA Publication SP-8021. 
Users enter the desired orbital location 
(latitude, longitude, and altitude), date, 
and time, as well as the geomagnetic and 
solar flux conditions. The model calcu-
lates the atmospheric density at that 
location. The model also outputs the at-
mospheric temperature, mean molecular 
mass, and number densities of nitrogen 
(N2), helium (He), and oxygen (0 and 
02 ). It is valid for altitudes between 90 
km and 2500 km. 
You can use the results of this model to 
calculate atmospheric drag forces and 
torque on a particular spacecraft. These 
values allow you to size actuators and gen-
erate fuel budget. The Spacecraft Con-
trol Toolbox provides a number of addi-
tional functions to simplify these 
calculations. You also can perform com-
bined altitude and orbit simulations with 
environmental disturbances to verify the 
performance of your control systems. 
The "Keplerian Elements to Radius 
and Velocity Vectors Model" is one of
the many conversion utilities in the 
SCT. To use it, you enter the Keplerian 
orbital elements of a satellite and the 
function converts these elements into 
orbital radius and velocity vectors in the 
Earth-Centered-Inertial (ECI) frame. A 
complementary function performs the 
reverse conversion. These utility func-
tions, along with the many others avail-
able in the Spacecraft Control Toolbox, 
enable users, even non-specialists, to 
quickly and easily convert between the 
various coordinate systems that astrody-
namicists and attitude control engi-
neers use. 
The models presented on the NASA 
Tech Briefs Model and Simulation Ex-
change (http://nasatech.innovationchain. 
com/flrst.asp)
 are a sample of the full 
functionality of the SCT. The complete 
toolbox enables you to design and test 
control systems in hours, instead of days 
or weeks. Among the other sophisticated 
models in the toolbox is a topological 
tree multi-body model. 
This work was performed by employees at 
Princeton Satellite Systems. For more 
information on the Spacecraft Control Tool-
box, contact Derek Surka at dmsurka@ 
psatellite.com, or visit the PSS web site at 
www. psatellite.com . 
O Software for Parallel Adaptive Refinement of Meshes 
NASA's Jet Propulsion Laboratory, Pasadena, Ca4j6rnia 
A software library has been developed 
for adaptive refinement of unstructured 
(that is, irregular) tetrahedral or trian-
gular meshes that define two- or three-
dimensional coordinates or volume 
elements used in parallel (that is, multi-
processor) finite-element or finite-vol-
ume computations. This library con-
tains a suite of well-designed and 
efficiently implemented software mod-
ules that perform the operations of typ-
ical parallel adaptive-mesh-refine-
ment (AMR) processes. An especially
notable one of these operations is mesh 
quality control, typically guided by a 
local-error estimator, during successive 
parallel adaptive refinements. Another 
is balancing of computational loads 
among parallel processors. The library 
is robust and is scalable to different 
numbers of processors. The software in 
this library was developed in Fortran 90, 
plus a message-passing interface (MPI) 
sublibrary. The design of this library 
supports code efficiency, modularity, 
and portability. At present, the library is
in use on a Cray T3E and SGI Origin 
computers and on a Beowulf-class clus-
ter of personal computers. 
This program was written by John Z. Lou 
and Charles Norton of CaltechforNASA's Jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package, 
(TSP) free an-line at www.nasatech.com 
under the Software category. 
This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20948. 
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RY WEBCASTING 
ALGOR's Web Courses give you quality software 
education at your desktop through webcasting. 
ALGOR provides a true virtual classroom by pro-
ducing TV quality sound and picture on the 
Internet. In fact, the images shown here were 
extracted from actual Web Course footage. There's 
no need for teleconferencing; all you need is a 
computer with a Ti, DSL or cable modem Internet 
connection. Even if you don't have Internet access, 
you can still learn at your desktop by viewing the 
VHS video or CD-ROM version of each Web Course 
broadcast that is included with your registration. 
Lewning.COM 
LURN FEA AT YOUR DESKTOP 
:...Si1V.4VJRTUA. 
GET MORE SOFTWARE EDUCATION FOR THE MONEY 
Web Courses start at just $350 for four hours of instruction, and you save 
travel expenses and don't sacrifice productivity. Registering for a Web 
Course entitles you to the live Internet training session, on-demand 
Internet replays available after the live session and a CD-ROM or VHS 
video of the course for later reference. 
LEARN FEA FASTER WITH STEP-BY-STEP INSTRUCTION 
Web Courses give you in-depth instruction, not an overview, on a variety 
of topics such as finite element modeling, CAD/CAE interoperability, FEA 
and Mechanical Event Simulation software. Full screen graphics, utilizing 
the latest in broadcast technology, show point-and-click detail as instruc-
tors "walk" through the process of FEA. Viewers clearly see ALGOR's 
software interfaces, menus, visualization and reporting options.
,SSROOM AT YOLIF	 TOP. 
INTERACT WITH THE INSTRUCTORS LIVE AS THEY TEACH 
E-mail your questions or talk with the instructors directly during the live 
session to get immediate answers. Calls are broadcasted as they occur. 
LEARN WHEN AND WHERE IT Is CONVENIENT FOR YOU 
View the Web Course or replay it on the Internet at your convenience. 
You can register for courses even after the live broadcast to access the 
Internet replay and watch the accompanying CD-ROM or video as often 
as needed. 
EARN CREDITS TOWARD P.E. LICENSE RENEWAL 
Web Courses have qualified for Professional Development Hours within 
states that have Continuing Professional Competency requirements for 
RE. license renewal. Participants receive a certificate upon purchase. 
LEARN HOW TO SUCCESSFULLY COMPLETE YOUR ENGINEERING JOB OVER THE INTERNET. 
CUSTOMIZE A WEB COURSE TO ACHIEVE YOUR ENGINEERING GOALS	 FEA models to focus on specific i nte rope rability, modeling or analysis 
Develop a customized curriculum that meets your individual engineering 	 questions you may have. You can work as you learn! Contact an ALGOR 
needs. ALGOR instructors can work directly with your CAD geometry or 	 account representative for scheduling and pricing information. 
START YOUR DUCATION TODAY. HERE'S HOW: 
• Visit www. TechLearning.com . 
• Select the Web Course of interest. 
Contact your Account Representative for a password. 
• Download Microsoft Media Player for viewing the 
Web Course. 
Enter the password and watch the Web Course live. 
Or, view Internet replays or your VHS video or CD-ROM. 
Call your Account Representative to schedule a 
customized Web Course for one or many participants 
at your company to learn Algor software while working 
through your engineering problems.
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Software 
€iWeb-Based Software for Distributed Planning 
NASA 'sJet Propulsion Laboratory, Pasadena, California 
The RecDel System is a low-cost soft-
ware application that helps different 
groups of a complex project negotiate 
interfaces between interdependent 
schedules. The RecDel system is based 
on a concept of distributed planning, 
wherein the cognizant persons retain 
control over, and responsibility for, 
their own work; this contrasts with tra-
ditional centra]jird )Iat1nii1, in which 
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responsibility and control are effec-
tively transferred to central planners. 
RecDels are products, which flow be-
tween different areas of a project. The 
RecDel System makes it possible to 
identify product-specification and de-
livery-schedule disputes easily, solve 
problems quickl y, eliminate schedule 
confusion, and verify receipt of deliver-
ies. The RecDel System also supports
action-item tracking as well as a limited 
earned-value capability. The outputs of 
the RecDel System include metric 
charts, Gantt charts, and a variety of 
text reports. Schedule reports can he 
generated at any time on any computer 
by any user for any level of the work 
breakdown structure. The RecDel Sys-
tem aids projects to effectively meet 
the demand for Faster, Better, Cheaper. 
This program was written by Jacqueline 
Dunn, Steve Friedman, Glen Gira, Mark 
Girdnei Gate Heneghan, Michael W 
Hughes, Richard C. Markley, Jancis Mar-
tin, Stuan McGahan, and Karen Morris-
sett of Cal/edt for NASA's Jet Propulsion 
Laboratory. For further information, ac-
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Software category. 
This software is available for commercial 
licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Refer to NPO-20915. 
Monitoring 
NASA sJet Propulsion Laborator', 
Pasadena, California 
A software package for use in a 
ground receiving station detects a bea-
con-monitor tone transmitted by a 
spacecraft. To recapitulate from previ-
ous NASA Tech Briefs articles on beacon 
monitoring: An onboard computer 
processes data from onboard sensors to 
summarize the condition of the space-
craft in terms of one of four standard 
statuses, then a message is transmitted 
on a radio-frequency carrier as phase 
modulation at one of four subcarrier fre-
quencies that correspond to the four sta-
tuses. The present software implements 
a weak-signal-detection algorithm. The 
received signal is heterodyned at nine 
frequencies and recorded into nine cor-
responding frequency hands. Nominally, 
there is a center carrier and four pairs of 
symmetrical status bands. After record- 
ing, each frequency hand is subdivided 
into subbands with a fixed temporal du-
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ration. Within each frequency subband, 
there is a bank of time-sequenced sub-
band processors. The optimal linear 
path in the corresponding time-fre-
quency band space is obtained by maxi-
mizing the summed squared signal 
amplitudes. The maximum summed 
subband-processor output is selected 
and compared to a predetermined 
threshold to determine whether the cot-
responding status message should be 
deemed to have been transmitted. The 
frequency drift of the status tone signal 
must be small enough to allow the 
search algorithm to detect the signal 
over a time long enough to provide a 
low signal-detection threshold. 
Contributors to the development of this 
software package were Sue Finley, Gabor 
Lanyi, Robert Sherwood, Miles K. Sue,
John S:ijjarlo, and E. J
.
 Wyatt of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, access the Tech-
nical Support Package (TSP) free on-line at 
www.nasatech.com tinder the Software 
category. 
This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technolog' at (818) 393-
3425. Refer to NPO-21023. 
Automated Real-Time Spacecraft Navigation System 
NASA 'sJet Propulsion Laboratory, Pasadena, California 
The Automated Real-Time Spacecraft 
Navigation (ARTSN) system is a proto-
type of a class of software systems for au-
tomated navigation and monitoring of 
spacecraft from stations on the Earth. 
The system processes radio metric track-
ing data (principally, range and Doppler 
measurements) in real time to generate 
updated spacecraft navigation solutions 
(including projections of trajectories 
into the past and future), and associated 
covariances. The ARTSN system enables 
the navigation operations analyst to 
identify and respond to anomalies in
nearly real time, when such action is 
most effective. In this system, validation 
of data and estimation of parameters for 
real-time trajectory and target updates 
are data-driven; these functions are trig-
gered by receipt of radio metric tracking 
data. The system provides "one step" ac-
cess to important information; the tradi-
tionally separate software components 
that effect the functions of generating 
trajectories, computing observable pa-
rameters, filtering, and mapping are in-
tegrated into the one "engine," which 
can be queried in real time (or off line)
by a shell command (or function call) to 
provide state, partial-derivative, or co-
variance information. 
This work was done by Laureano ran-
gahuala, Theodore Drain, Paul Burkhart, 
and Vincent Poll,neier of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, access the Technical Support 
Package (TSP) free on-line at www. 
nasateeii.com under the Software category. 
This software is available for commercial 
licensing. Please contact Don Hart of the cal-
ifiroia Institute of 7'echnolog at (818) 393-
Refer to NPO-20426. 
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S Metal-Supported Catalyst Beds for Reacting CO 2 With CH4 
The beds are heated internally, by passing electrical currents through the supports. 
NASA 'S Jet Propulsion Laboratory, Pasadena, California
Metal-supported catalyst beds with im-
proved thermal and flow characteristics 
for promoting endothermic chemical re-
actions are undergoing development. In 
the proposed original application, catalyst 
beds of this type would be used on Mars to 
produce hydrogen from an endothermic 
reaction between carbon dioxide and 
methane. The empirical equation for this 
reaction is: 
CO + CH4 - 2W + 2H2 
(The subsequent reaction of carbon 
monoxide with water will generate addi-
tional hydrogen as shown in CO + H20 - 
CO2 + H2.) Hydrogen is then available as 
a propellant for launching payloads from 
the Martian surface or as a fuel for fuel 
cells generating power for surface mobil-
ity or stationary electricity. 
The basic principles of operation of 
these catalyst beds are also applicable to 
steam reformers and other catalytic re-
actors used on Earth to produce fuels 
and some specialty chemicals. With re-
spect to endothermic reactions that 
one seeks to catalyze, the developmen-
tal catalyst beds offer advantages over 
traditional packed catalyst beds, as ex-
plained below. 
In a typical traditional case, the heat 
needed for an endothermic reaction is 
generated outside a reactor and trans-
ferred through the reactor wall to a bed 
of packed catalyst particles inside the re-
actor. The energy
 efficiency of the reac-
tor is diminished because (I) the ther-
mal resistance of the wall and (2) the 
parasitic loss of heat from the external 
heater to the environment.
A catalyst bed of the type now undergo-
ing development consists of a metal sup-
port coated with a material that consists 
of, or contains, one or more catalyst(s). 
The center mandrel and the outside wall 
of the metal support are connected to a 
source of dc electric power. In operation, 
the metal support is heated by passing an 
electric current through it. Efficiency is 
increased because the losses associated 
with the thermal resistance of the reactor 
wall and parasitic transfer of heat from an 
external heater to the environment are 
eliminated. In addition, because heat is 
supplied to the catalyst more directly, it is 
possible to exert better control over the 
endothermic reaction. 
The metal support is corrugated (see 
figures) to make the reactants flow turbu-
lently; this feature enhances (relative to the 
packed-bed case) both the mixing of the
reactants and the transfer of heat from the 
support to the reactant mixture. As a result 
of the combination of internal electrical 
heating and turbulence, the overall con-
version efficiency for a reactor of a given 
size is increased or, equivalently, the size of 
the reactor needed to achieve a given con-
version efficiency is reduced. Moreover, 
the degree of utilization of catalyst applied 
to the surface of the internally heated sup-
port is greater than the degree of utiliza-
tion of catalyst in or on conventional cata-
lyst rings, cylinders, and pellets, so that less 
of the catalyst is needed to drive a reaction 
with a given conversion efficiency. 
This wo,* was done by Gerald Voeck.s of Cal-
techforNASA's Jet Propulsion Laboratory. 
For further information, access the Technical 
Support Package (TSP) free on-line at wwu& 
nasateth.com
 under the Materials category. 
NPO-20484 
\	 ' 
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(A) Disassembled Corrugated Catalyst Bed
	 (B) Assembled Corrugated Catalyst Bed 
This Prototype Catalyst Bed contains overlapping pairs of smooth and corrugated metal strips The 
strips are covered by a washcoat of alumina, in which particles of platinum and rhodium (the cata-
lysts) are dispersed. 
S Chemical Reactors Based on Catalyzed Wires 
These reactors could offer advantages over traditional packed catalyst beds. 
NASA 'sJet Propulsion Laboratory, Pasadena, California 
In catalytic flow-through chemical reac-
tors being explored for space vehicle ap-
plications, the catal ysts would be sup-
ported on the surfaces of wires, instead of 
on particles, as are typically used in tradi-
tional packed beds. The original intent of 
the proposal was to make it possible to 
build controllable, efficient catalytic hy-
drazine-decomposition microthrusters 
for small spacecraft. The basic concept of
the proposal should also prove applicable 
to other flow-through catalytic reactors; 
for example, reactors that could be used 
in removing trace contaminants from the 
environment. 
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Materials
Catalyst-Coated Wires 
Flow
REACTOR CONTAINING STRAIGHT WIRES 
Flow	
Catalyst-Coated Wires 
REACTOR CONTAINING TWISTED WIRES 
Catalyst-Coated Wires would be placed in tubular reactors, where they 
would make contact with flowing reactants. The wires could be straight or 
twisted, depending on the required characteristics of the flow. Other as-
pects of the wire and tube geometries and the nature of the catalytic coat-
ing(s) could also be chosen to suit the application. 
Traditional packed catal ytic beds have several disadvanta-
geous characteristics that make control difficult and that pose 
obstacles to scaling down to the microthruster size range. 
These characteristics include high back pressures through the 
beds, attrition due to friability and spalling of catalyst particles, 
and difficulty of fabrication in small sizes. Usually, as a result, it 
becomes necessary to make the beds larger than desired, with 
the further result that propellant is wasted and thermal masses 
are large (and therefore response times are undesirabl y
 long). 
The basic concept of the catalyzed-wire reactor allows for 
adaptation to numerous variations. A reactor of the proposed 
type could be as simple as a straight tube containing a single 
catalyst-coated wire suspended on the cylindrical axis. The wire 
and catalyst could be made of any of a variety of materials; for 
example, in one application, there might he a need for a tung -
sten wire with a washcoat (e.g., alumina) supporting a catalyst 
like platinum. In most cases, multiple catalyst-coated wires 
would likely be needed. Different wire material could be 
coated with different catalysts that would be optimized for dif-
ferent reaction temperatures. Catalyst preparation procedures 
(i.e., washcoat, catal yst, inclusion, etc.) would follow the pro-
tocols typically described for metal-supported catalysts. Wires 
could be made straight or twisted (see figure), wires could be 
all of the same diameter or of different diameters, and wires 
could be spaced apart at various distances; the foregoing 
choices could be made in conjunction with the choice of the 
shape and inside dimensions of the reactor, all in an effort to 
optimize the flow or to accommodate a wide range of flow vari-
ables in the reactor. 
This work was done by Gerald Voecks, J. Morgan Parker, Am' Herr, 
and Juergen Mueller of Caltech for NASA's Jet Propulsion Labora-
tory. For further information, access the Technical Support Package 
(Thi') free on-line at www.nasatech.com under the Materials category. 
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S Chemical Reactors Based on Catalyzed Microtubes 
Microtubes would help to damp pressure excursions that disturb desired flows. 
NASA 'sJet Propulsion Laboratory, Pasadena, California 
In an extension of the concept re-
ported in the preceding article, catalytic 
flow-through chemical reactors of a pro-
posed type would contain catalyst-coated 
microtubes, possibly in combination with 
catalyst-coated wires. In addition to the 
advantages afforded by the catalyst-coated 
wires described in the preceding article, 
the microtubes would offer a capability to 
damp sudden increases in pressure. 
In the original rocket-thruster applica-
tion, such a pressure excursion can occur 
upon ignition of a propellant fluid in a 
catalytic reactor; the pressure excursion 
can cause blow-back and/or pooling of 
propellant fluid in the propellant-supply 
system and/or in the reactor; this causes a 
departure from the desired mode of op-
eration. Therefore, it is desirable to damp 
the pressure excursion. 
In designing such a reactor according 
to the proposal, one would provide that 
the microvoids in the microtuhes contain 
sufficient volume to accommodate the 
rapid expansion that occurs upon igni-
tion of the propellant. The basic concept 
of catalyzed-microtuhe reactors admits of 
numerous variations, including variations 
like those described in the preceding ar-
ticle for catalyzed-wire reactors. In addi-
tion, a reactor could contain one or more 
microtube(s), possibly with one or more 
wire(s). Diameters of tubes and/or wires 
could be varied to allow cross flow in ad-
dition to the main flow along the reactor. 
Some wires and/or tubes could be cat-
alyzed and some uncatalvzed. Some 
cotilil he thermally conductive, some
thermall y
 insulating. These and other 
variations could be effected in an effort 
to optimize the fluid-dynamic, thermal, 
and chemical aspects of operation over 
the anticipated range of flow variables. 
This work was done b' Gerald Voecks, j 
Morgan Parker John Blandino, and David 
Barne of Cal/eels for NASA's Jet Propulsion 
Laboratory. For Iii ri/ui information, 
the Technical Support Package (TSP)free on-
line at www.nasatech.com under the Materi-
als category.
 
NPO-20508 
Microtubes Closely	 Single Microtube	 Tube Containing	 Tube Containing 
Packed in a Circle	 in a Tube	 Wider Wires and	 Narrower Wires and 
Narrower Microtubes	 Wider Microtubes 
Catalyst-Coated Microtubes would be placed in tubular reactors, possibly along with wires. The sizes, 
shapes, and materials of the reactor components would be chosen to obtain the desired combination 
of fluid-dynamic, thermal, and chemical characteristics. 
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Thrust-Control System for Emergency Control of an Airplane 
Suppression of the phugoid mode simplifies the pilot's task. 
Dryden Flight Research Center Edwards, California 
Extensive redundancy is designed into 
aircraft flight-control systems to ensure a 
low probability of failure. During recent 
years, however, major failures of flight-
control systems have occurred in several 
airplanes, leaving engine thrust as the 
flight-control mode of last resort. In 
some of these emergency situations, en-
gine thrust was successfully modulated 
by the pilots to maintain flightpath or 
pitch angle, but in other situations, lat-
eral control was also needed. In the ma-
MD-11 AIRPLANE LANDING UNDER THRUST CONTROL ONLY 
(CONTROL SURFACES NOT MOVING) 
AUTO-THROTTLE SERVOCONTROL SYSTEM 
Figure 1. This Auto-Throttle Servocontrol System responds to velocity and pitch-angle feedback by modulating engine thrust to damp the phugoid oscil-
lation and maintain a commanded pitch angle, making it possible to land the MD-il airplane by use of thrust control only. 
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jority of such cases, crashes resulted, and	 trol to safely fly and land an airplane. A
	 results of the flight test showed that 
over 1,200 people died because of con- 	 thrust-modulation control system de-
	 without any operational control sur-
trol-system failures. 	 signed for this purpose was flight-
	 faces, one can land a "crippled air-
Thus, the challenge has been to crc-	 tested in a propulsion-controlled air-
	 plane" (U.S. Patent 5,330,131). This 
ate sufficient thrust-modulation con- 	 craft (PCA) - an MD-1 1 airplane. The
	 flight program also verified that the 
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MANUAL OPEN-LOOP CONTROL	 RESPONSE TO AUTO-THROTTLE SERVOCONTROL SYSTEM 
Figure 2. The Phugoid Oscillation is excited when the engine thrust is increased in manual open-loop control. The plots in the left part of this figure rep-
resent the dynamics of an MD-il airplane in which the thrust of each of the wing engines has been increased by 6,000 lb (=27 kN). On the other hand, 
the phugoid oscillation is suppressed when the system of Figure 1 is used to control the wing and tail engines,
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Mechanics 
"weak link" is the phugoid mode, 
which is also known as the long-period 
pitch mode. The low phugoid damp-
ing and a high pilot workload made 
manual landings exceedingly difficult 
near the ground. However, a PCA sys-
tem makes landings feasible. The in-
stallation of the original PCA system 
entailed modifications not only of the 
flight-control computer (FCC) of the 
airplane but also of each engine-con-
trol computer. Inasmuch as engine-
manufacturer warranties do not apply 
to modified engines, the challenge was 
to create a PCA system that does not 
entail modifications of the engine 
computers. 
The response to the challenge was a 
method of providing longitudinal 
(pitch) control through modification 
of only the program of the FCC, with-
out any changes in the engine-control 
computers and without changes in 
cockpit hardware. In the event of a fail-
ure in the primary flight-control sys-
tem, the engines can be used to 
dampen the phugoid mode, and in the 
case of a multiple-engine airplane, they 
can be used to land the airplane safely. 
This method relieves the pilot of the 
longitudinal-control task, enabling the
pilot to concentrate on using differen-
tial thrust to keep the wings level for 
landing. This may seem difficult at 
first, but lateral control is made sim-
pler when the phugoid motion is 
highly damped by the closed-loop sys-
tem shown in Figure 1. 
This control system, denoted the 
auto-throttle servocontrol system, 
strives to maintain a commanded pitch 
angle in the face of velocity and pitch-
angle feedback. The pilot commands 
this system by use of a thumb wheel. 
The output of this system drives an 
auto-throttle servo forward or back, 
thereby causing the engines to increase 
or decrease thrust, and thereby, in 
turn, controlling the pitch of the air-
plane in such a way as to keep the 
phugoid mode well damped. In the 
many multiple-engine airplanes in 
which auto-throttle systems are already 
in place, no hardware changes are 
needed. 
Suppose that one were flying a wide-
body airplane in which control surfaces 
had been rendered inoperable by a full 
hydraulic failure and the airplane was 
not equipped with the present auto-
throttle servocontrol system. In order 
to increase the pitch angle, one would
slowly increase the thrust, as shown in 
the left part of Figure 2. As the thrust 
was increased, the phugoid mode 
would be excited, causing the pitch 
and velocity to oscillate. On the other 
hand, if the airplane were equipped 
with the present auto-throttle control 
system, then the airplane would behave 
as shown in the right part of Figure 2. 
The pitch angle in the case illustrated 
would increase by 1°, tracking the com-
mand very well. The phugoid mode 
would he well damped. The thrust 
would be increased and decreased au-
tomatically, as needed to control the 
motion of the airplane. 
This work was done bT John j Burken 
and Bill Burcham of Dryden Flight Re-
search Center. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Mechanics category. 
This invention has been patented by 
NASA (U.S. Patent No. 6,041,2 73). Inqui-
ries concerning nonexclusive or exclusive li-
cense for its commercial development should 
be addressed to Technology Commercializa-
tion Office, Dryden Flight Research Center,' 
(661) 276-3720. Refer to DRC-96-07. 
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Man ufacturing/Fabrication 
Weld Repair of a Directionally Solidified Superalloy Article 
The weld is also directionally solidified to preserve the desired grain structure. 
John H. Glenn Research Center Cleveland, Ohio 
An arc-welding technique for repair 
of a directionally solidified (DS) nickel-
base superalloy article (e.g., a turbine 
blade or vane) has been devised. The 
technique equally is applicable to a 
part as cast or a part that has been dam-
aged in use. Unlike ordinary gas tung-
sten arc (GTA) welding, this technique 
results in a predominantly DS mi-
crostructure in the repaired region, 
similar to the microstructure of the DS 
casting. In addition, whereas ordinary 
GTA welding often involves the use of a 
filler material different from that of 
the workpiece, the weld filler material 
used in the present technique is of the 
same composition as that of the DS 
casting, so that undesired localized 
chemical differences are not intro-
duced into in the repair region. 
In this technique, the weld-repair 
area is shielded from atmospheric con-
tamination; typically, shielding is ac-
complished by placing the article in a 
chamber that contains a protective 
argon atmosphere. To minimize resid-
ual stress and distortion, the article is 
maintained at a high temperature (ap-
proaching the liquidus of the DS mate-
rial) while the weld is being made. 
After the welding arc is struck, the weld 
filler rod is moved along the repair 
region parallel to the direction of 
the original grain structure of the arti-
cle. The filler material solidifies by 
epitaxial nucleation and growth of 
grains as typically observed on most 
weld repairs. 
The unique feature of this technique 
is the combination of the directional de-
position of the filler material and the 
high process temperature. This feature 
promotes directional grain growth paral-
lel to the original DS grain structure. As
shown in the figure, this is much differ-
ent from the microstructure of a con-
ventional GTA weld, in which there are 
typically two rows of converging, colum-
nar grains, the major axes of which are 
perpendicular to the direction of the 
original DS structure. 
This work was done by Russell Wayne 
Smashey, John Herbert Snyder and Bruce 
Leanard Borne of General Electric Co. for 
Glenn Research Center. For further 
information, access the Technical Support 
Package (TSP) free on-line at wwusnasatech. 
corn under the Manufacturing/Fabrication 
category. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Glenn Research Center 
Commercial Technology Office, Attn: Steve 
Fedor Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-1 6865. 
The Grains in a Weld by the present technique are oriented predominantly along the direction of the original grain structure of the surrounding mate-
rial, whereas the grains in a conventional GTA weld are oriented perpendicularly. 
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(.& Field-Reversed Magnetic Mirrors for Confinement of Plasmas 
The mirror magnetic-flux density needed for confinement would be reduced. 
Marshall Space Flight Center Alabama 
A field-reversed configuration (FRC) 
has been proposed for a magnetic mirror 
- a solenoidal electromagnet configured 
and operated in such a way as to effect at 
least partial confinement of a plasma. 
Magnetic mirrors had been investigated 
for potential use as plasma-confinement 
devices in nuclear fusion reactors, and 
had been largely rejected for that use be-
cause, as explained below, they allow too 
much plasma to escape. The proposed 
FRC is intended to increase the degree of 
confinement achievable by a mirror mag-
netic field of a given flux density and/or 
to reduce the flux density needed to ob-
tain a given degree of confinement. 
(Whether the increase in effectiveness of 
confinement would be sufficient to justify 
the use of magnetic mirrors in fusion re-
actors remains to be seen.) 
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The figure depicts baseline and FRC 
versions of a typical magnetic mirror at 
one end of a fusion reactor. In the base-
line version, the magnetic mirror is only 
partially effective in that a substantial 
amount of plasma escapes along the mag-
netic field lines at the outer end. Efforts 
to reduce the rate of loss of plasma by in-
creasing the mirror magnetic field have 
been unsuccessful because the required 
mirror magnetic-flux density is unrealisti-
cally high. Other measures intended to re-
duce the width of the throat through 
which the plasma escapes have been only 
partially successful; these measures in-
clude the use of multiple mirrors and of 
various types of thermal barriers. 
In the terminology of plasma science as 
applied to a magnetic mirror like the one 
shown in the figure, "field-reversed config-
uration" ("FRC") refers to a family of com-
pact toroidal magnetic-field/plasma for-
mations in which an azimuthal electron 
current flows and gives rise to a poloidal 
magnetic-field component that can be 
strong enough to reverse the polarity of 
the magnetic induction along the cylindri-
cal axis. FRCs have been investigated pre-
viously, but not for the use proposed here. 
According to the proposal, the FRC 
would reduce the loss of plasma by at least 
www.nasatech.com
partly plugging the throat of the magnetic 
mirror. The requirement for design and 
operation of the magnetic-mirror mag-
nets would be reduced to one of con-
stricting the throat (as defined by the 
magnetic-field lines) just enough to pre-
vent expulsion of the FRC plug; it should 
be considerably easier to satisfy this re-
quirement than to attempt to reduce the 
loss of plasma by applying a magnetic 
field strong enough to constrict the throat 
severely. 
Further research will be necessary to 
identify the best technique for effecting 
the FRC. One notable technique, pio-
neered at the University of Washington, 
involves the superposition of a magnetic 
field that rotates at a frequency between 
the electron and ion gyrofrequencies. 
Under some circumstances, such a mag-
netic field can give rise to a stable, per-
sistent FRC. 
This sooth was done by Williamj Emrich, 
Jr. of Marshall Space Flight Center. 
This invention is owned by NASA, and a 
patent application has been filed. For further 
information, contact Sammy Nabors, MSFC 
Commercialization Assistance Lead, at (256) 
544-5226 or sammy.nabors@msfc.nasa.gov. 
Refer to MFS-31289. 
-
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*Updated 
Multidisciplinary 
Optical-System-
Analysis Software 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 
Version 5.0 of the Integrated Model-
ing of Optical Systems (IMOS) software 
has been released. A previous version 
was described in "Software for Multi-
disciplinary Analysis of Optical Sys-
tems" (NP6-20536), NASA Tech Briefs, 
Vol. 24, No. 11 (November 2000), page 
36. In both versions, IMOS is a MAT-
LAB computer program that provides 
many functions for analysis of a system 
represented by mathematical models of 
its thermal, structural, control, and/or 
optical aspects. IMOS is unique in mak-
ing it possible to perform the entire 
multidisciplinary analysis in one pro-
gram. The new features incorporated 
into version 5.0 include a capability for 
calculating stresses in rods and beams, a 
utility subprogram that generates equiv-
alent properties of laminates, a three-
dimensional-viewing subprogram, a 
provision for temperature-dependent 
heat input for thermal analyses, a pro-
vision for a simulated stiffness for the 
drilling degree of freedom of a plate 
structural element, a provision for a 
lumped-mass formulation for a beam, a 
capability to orient properties of mate- 
rials with respect to plate structural ele-
ments, plate-to-acoustic and beam-to-
acoustic connections for statistical 
energy analysis, geometric stiffnesses 
for plate elements (for buckling analy-
sis), subprograms for translation from 
the SINDA program to IMOS and from 
IMOS to the NASTRAN program, and 
greatly improved subprograms for 
translation from IMOS to SINDA and 
from NASTRAN to IMOS. 
This program was written by Laura 
Needels, Hugh C. Briggs, Daniel Eldred, 
Robert Glaser, Andrew Kissil, Marie Levine, 
James Melody, Mark Milman, Robert Nor-
ton, Miltiadis Papalexandris, Terry Schar-
ton, Samuel Sirlin, Tricia Sur, Wan Tsoi, 
and Walter Tcuha of Caitech for NASA's Jet 
Propulsion Laboratory. For further infor-
inn/ion, access the Technical Support Pack-
age (ThP) free on-line at www.nasatech. 
corn under the Physical Sciences category. 
This software is available for commercial 
licensing. Please contact Don Hart of the 
Calijornia Institute of Technology at (818) 
393-3425. Refer to NPO-20849.
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i RVSM Certification of Dryden DC-8 Airborne Laboratory 
A required pressure-altitude accuracy of ±160 ft (±49 m) has been achieved. 
Dryden Flight Research Cen ter, Edwards, California 
The NASA Dryden DC-8 Airborne 
Science Laboratory (see Figure 1) per-
forms research around the globe, re-
cently in support of the SAGE III 
Ozone Loss and Validation Experiment 
(SOLVE). This experiment operated in 
the North Atlantic airspace region, 
which is subject to reduced vertical sep-
aration minimum (RVSM) require-
ments (see Figure 2). These require-
ments allow aircraft traffic to be 
separated vertically by a minimum of 
1,000 ft (304.8 m) at altitudes between 
29,000 and 41,000 ft (between 8.84 and
12.50 km) above mean sea level, in con-
tradistinction to the usual vertical sepa-
ration of 2,000 ft (0.61 km). RVSM 
non-group aircraft compliance re-
quires a pressure-altitude accuracy 
within ±160 ft (±49 m). RVSM allows 
greater traffic density while maintain-
ing safe aircraft separation. 
A commercial service for RVSM cer-
tification was considered, but involved 
significant modification of the aircraft, 
high cost, and an unacceptable effect 
on the schedule of airborne scientific 
research for which commitments had
been made. Instead, it was decided to 
perform the RVSM certification inter-
nally, with insignificant modification of 
the aircraft, at minimal cost, and with 
little effect on the schedule. The objec-
tive of the certification effort was to 
achieve the required accuracy of ±160 
ft (±49 m) through an airdata calibra-
tion of the DC-8 static-pressure system. 
RVSM-quality airdata computers 
were installed in the DC-8 airplane, 
and the data were recorded by use of a 
data-acquisition and -distribution sys-
tem (DADS) that is part of the stan-
dard laboratory equipment in the air-
craft. These airdata computers have a 
worst-case avionics error of 85 feet (26 
m) after 24 months. For the calibration 
flights, a carrier-phase differential 
Global Positioning System (DGPS) re-
ceiver and antenna were employed. 
The DGPS gave geometric altitude of 
the aircraft to an accuracy better than 2 
feet (0.6 m). A pressure calibration of 
the atmosphere on flight-test days was 
VrAll	 Z.— 
Figure 1. The NASA Dryden Airborne Science Laboratory is contained in a DC-8 airplane (N817NA) 
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determined by data from a network of 
rawinsonde weather balloons, synoptic 
analysis, and surface observations. 
By combining DGPS geometric alti-
tude with the pressure calibration of 
the atmosphere, the true pressure alti-
mdc of the aircraft was determined. 
This was compared to the airdata com-
puter measurement with no error cor-
rections to determine the static source 
error correction (SSEC) required to 
null the pressure-altitude errors. (The 
SSEC is a function of the mach number 
only.) The SSEC for both the pilot and 
copilot systems were then incorporated 
into the airdata computers and 
checked on a verification flight. 
The DC-8 airplane was flown at an al-
titude of 500 ft (152 m) above Rogers 
Dry Lakebed near maximum speed 
(mach 0.48 to 0.54) in steady flight. 
These data gave the SSEC with minimal 
uncertainty of the atmospheric pres-
sure calibration. The remaining major-
ity of flight data were taken at altitudes 
from 29,000 to 41,000 ft (8.84 to 12.50 
km) in stabilized flight between mach 
0.51 and mach 0.86. The near-ground 
data were used to adjust the high-alti- 
t!i(le data for small temperature biases 
on the rawinsonde balloons. L)GPS 
data taken during constant-airspeed 
turns were used to measure winds inde-
pendent of the rawi nsoiide balloons. 
Autopilot operation VaM verified (In!-
ing stabilized flight to conform to an 
RVSM requirement of ±65 ft (±20 m). 
One calibration flight was for the 
purpose of determining the SSEC re-
quired to null pressure-altitude errors 
with the aircraft in a clean configura-
tion. The data obtained on this flight 
yielded residual errors of ±15 ft (±4.6 
m) for both the pilot and copilot static-
pressure systems. 
On a verification flight, the aircraft 
was instrumented with a variety of ex-
ternal scientific probes, including a 
large nacelle about 5 ft (1.5 m) from 
the static-pressure ports. This configu-
ration of probes constituted a near 
worst-case configuration for possible 
SSEC shifts. The maximum residual 
error on this flight was 73 ft (22 m) 
and, when combined with the worst-
case avionics error of 85 ft (26 in) and 
the DGPS error of 2 ft (0.6 m), resulted 
in a total error of 160 ft (49 m),just sat-
isfying the RVSM requirement. The er-
rors would be considerably less if the 
airborne scientific probe near the sta-
tic ports were removed or relocated. 
Autopilot operation was demonstrated 
to be within ±30 ft (±9 m). RVSM certi-
fication was granted on November 18, 
1999. 
This work was done & Edward A. Hap,-
ing, Jr., Edward H. i'ets, Jr, and David A. 
W'bber o[Dryden Flight Research Center. 
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O Wavelet Analysis To Predict Limit Cycles 
It is possible to predict the airspeed of onset of dangerous oscillations. 
Dryden Flight Research Center Edwards, California 
A method to predict the onset of a Some background information is pre- upon which the nonzero component is 
limit cycle for an aeroelastic testbed has requisite to an explanation of this devel- centered. Wavelet processing involves 
been	 developed.	 The prediction	 is opment. The term "wavelet" denotes a computation of the magnitudes of cor-
based on wavelet processing of mea- signal that is nonzero for a short time. relation between a measured signal and 
surement data that have been recorded The relevant wavelet in the present case wavelets of different scales and posi-
under various flight conditions. The is the Morlet wavelet, which is essentially tions. The wavelets with the highest cor-
method has been considered for only a a windowed sinusoidal signal of finite relation magnitudes represent domi-
small testbed; however, the concepts length. The Monet wavelet is a function nant features in the measurement data. 
may lead to techniques that could assist of parameters, called scale and position, Wavelet analysis is useful for extracting 
in prediction of the aeroelastic behav- that affect, respectively, the period of the features in data that relate to nonlinear 
iors of aircraft during flight testing. sinusoidal component and the time dynamics. These features can be used to
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Figure 1. These Maps Were Generated by Wavelet Analysis of the pitching motion of a wing at four different airspeeds. 
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indicate the nature of nonlinearities in 
an aeroelastic testhed, as reported, for 
example. in "Characterizing Nonlinear 
Dynamics by Use of Wavelet Analysis" 
(1)RG-98-4), ?'.L4SA Tech Briefs, Vol. 23, 
No. 9 (September 1999), page 70. These 
features are also the main mathematical 
tools used in the present method for pre-
dicting limit cycles. 
In a typical application that involves 
aeroelasticitv, for the purpose of the 
present method, limit cycles are behav-
iors that basically consist of steady oscil-
lations of parts of an aircraft. These os-
cillations are usually stable in the sense 
that they are of a fixed amplitude; how-
ever, they are highly dangerous in flight 
because of their effect on the pilot and 
the stress caused to the airframe. It is 
particularly difficult to predict the onset 
of limit cycles because they are associ- 
ated with non linearities that are often 
poorly represented its anal ytical models. 
In the present method, responses 
from an aeroelastic testhed are analyzed 
at a series of increasing airspeeds in 
order to develop an ability to predict the 
onset of a limit cycle. The testbed is a 
standard wing section that undergoes 
pitching and plunging motions. The 
wing is also equipped with a nonlinear 
spring that affects the pitching motion 
and provides the dynamics for the limit 
cycle. This limit cycle occurs at an air-
speed of 9.8 m/s. 
Figure 1 shows the maps that result 
from wavelet processing of pitch inca-
NAS.-\ Tech Brieh, March 2001
surements at different airspeeds. The 
color varies from white to black to in-
dicate low to high magnitude of corre-
lation between the signal and the 
wavelets. Of particular interest is the 
peak level of correlation at each point 
in time. This feature is indicated by the 
solid curved lines through the maps. 
The feature associated with the peak 
level of correlation seems to he re-
kited to the airspeed. Notably, the re-
sponses at low airspeeds show a sud-
den and large change in scale of peak 
correlation after a time interval of 2 
seconds, whereas at high airspeeds, 
the change is more gradual and oc-
curs at later times. 
A prediction function for the limit 
cycle can be computed as a ratio be-
tween (1) the magnitude of the maxi-
mum change in scale and (2) the time 
when this change occurs. A plot of this 
function (see Figure 2) clearl y demon-
strates a trend toward zero as the air-
speed increases. A linear extrapolation 
of the function becomes zero near 9.8 
m/s; thus, the wavelet approach ap-
pears to enable correct prediction 
(through extrapolation) of the onset 
of the limit cycle. 
This work was done by Rick Lind and 
Martin Brenner ofDryden Flight Research 
Center. For further information, (scceyc the 
Technical Support Package (TSP)free on-line 
at wurw.nasatech.com under the Information 
Sciences category. 
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Figure 2. The Prediction Function, when linearly extrapolated, becomes zero at an airspeed close to 
the measured value (9.8 m/s) for the onset of the limit cycle.
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with visual indication on demand, and PC or push-	 DI-730 has 8 isolated inputs (10 mV to 800 volt 	 I wide range of RTDs and thermis-
	
button recording control. OMEGA Engineering, 	 range). OMEGA Engineering, One Omega Dr.. 	 tots. A 1/4" phone jack input also is included. The 
	
One Omega Dr.. Stamford, CT 06907; Tel: 1-888- 	 Stamford, CT 06907: Tel: 1-888-TC-OMEGA; 	 cards are priced at $695. OMEGA Engineering, 
T(-OMEGA: www.omeg-a.com
www.oniega.com
	
	
One Omega Dr., Stamford, CT 06907: Tel: 1-858-

TC-OME( ;A: wwss-.oimiega.com  
	
OMEGA Engineering Inc.
	
OMEGA Engineering Inc. 	 OMEGA Engineering Inc. 
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OIWM
SORTO DATA
	
BOARDS	 .	 DATALOGGERS
	
ACQUISITION	 P(;l.I'5oo loss-cost. 	 .	 ()imu'gas 0M-DLSemic's
	
DIRECT SEW
	
PCI BUS	 LOW-COST
	
OMEGA's iiitiiiNi'i Scm Ii's direct sensor to data 	 lugli-speed, tiiulti-	 )(ittable, loss- mist data-
	
acquisition provides high-accuracy data acquisition	 .	 functioti boards for	 Iggers, part of the 
	
for Windows 95/NT and Macintosh computers. It 	 the PCI bus from	 \OMAD® family, are 
	
includes strip/chart software and drivers for C, OMEGA are available	 __________________ . - it use with any PC or 
	
Visual Basic, HP VEE, and TestPoint; optional	 with 12- or IC-bit analog inputs, sampling rates to 	 the O\l-1)l'3 Data Piui' liii' OM-DL connects to a 
	
LahVIEW drivers also are available. Other features	 200 kI-Iz, and offer 8 differential and 16 single- 	 PC parallel printer port and provides locking pro-
	
include 16 single-ended/8 differential 14-hit analog	 ended inputs. The boards start at $199 and feature 	 tection to prevent accidental shutoff. The OM-DP3 
	
inputs, 8 analog outputs, and 8 digital I/O The 	 multiple triggering modes, 16 digital I/O lines, and 	 Data Plotter also can be used as a conventional 
	
controller card includes 10 counter/timer cisan- 	 optional dual D/A voltage outputs. They are fully	 chart recorder. The compact, lightweight, easy-to-
	
nels The unit offers direct connect to RTD, titer- 	 plug-and-play with no jumpers or switches, and are 	 use OM-Di, is priced beginning at $80. OMEGA 
	
mocouple, voltage, thermistor, bridge, and strain	 fully auto-calibrating. OMEGA Engineering, One	 Engineering, One Omega Dr., Stamford, CT 06907; 
gage sensors. Prices start at $890 OMEGA	 Omega Dr., Stamford, CT 06907: Tel: I-888-TC- 	 Tel: 1-888-Tc.-OMEGA; svww.ornega.coin 
	
Engineering. One Omega 1)....iamTmford. CT 06907:	 OMEGA; www.otnega.com 
Tel: 1-888-] ­C-OMEGA mvss'w.oimlega.coiti 
	
OMEGA Engineering Inc.	 OMEGA Engineering Inc. 	 OMEGA Engineering Inc. 
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Design Engineering Product Showcase 
PEM ® R'ANGLE® 
V	 RIGHT ANGLE 
CLINCH FASTENER 
I tess sell-v lots lung l'L\l 
\ N GI,E fastener priivicics 
so with a strong right angle 
,ichment point in altt-
I tim or steel sheets as thin
I040/ 1 turn. Now you can
sheet or component per-
LI IL,e	 stills, it in which the WANGLE 
las((jwT is installed. lie holding power of the fa.s-
tenet is uttaffecteti by the repeated removal and 
reinstallation of the screw. PEM Fastening Systems - 
A Penn Engineering Company: Tel: 800-237-1736: 
Fax: 2H ,7664)I43; ssvw.pemrtet.ront 
PEM Fastening Systems
For More Information Circle No. 609 
I[.1I11;1 ELECTRONIC 
. 
7­ COMPONENTS 
DISTRIBUTOR 
rn_It
Mouser Electronics ptrovtcle', 
criniplete prodttct &- prtctttg 
' Lila for over 107,000 5 utttpo-
	
-	 riots front 200+ leading sup- 
	
-	
hers: AMP, Kernel, Pfttiettix 
.unttacl, Seiko, S1'Micr 
ii is. Nit Isicort. Visltay, and more. 
isis su	 sirs otlels se lire online ordering, dowti-
I s,sdahle catalog, data sheets, search capabilities, and 
inut It more. MotLser Electronics, A TTI, Inc. 
Company, 958 N. Main St., Mansfield, TX 76063: Tel: 
800-3 46­ 6873 or 81 7-483-6828: Fax: 817-483-11899; 
e-int,siI: cas.slogill tttsstt.sc't.s 5,51: svss\s:tnnsstssst:s 010 
Mouser Electronics 
For More Information Circle No. 612 
CYROGENIC 
LIQUID AUTO-
FILL SYSTEM 
'l,sli'li	 ii tsis'tt sssttn	 ntssest-

lent Its not I ttttitttsg ottt ol 
	
—	 Itissid nitrogen, American 
	
•	 \lagnnetti S. Inc. Cryogents 
I iqttid level Controllers, 
used itt conjunction with ss'it  a 
sel probe, solenoid valve, 
and I is keep votir critical devices 
full ss jilsuiti tti,ittit,sl .sttetttiutt. A wide variety of 
probe designs allows filling of vessels smaller than  
liter in voltttrte. Anteriratt Magnetics, Inc.: id: 865-
182-1056: e-mail: salesgcatos'riranittagnetts scorn: 
555555..tlttt't it isnitn.sgtts'tic 5.5 out 
American Magnetics, Inc. 
For More Information Circle No. 615 
—	 ELECTRO-
MECHANICAL 
POSITIONING .-  
SYSTEMS 
CA51,
I ollplutc ',ssis'IItS. sith-ss" 
155155, it I (ittilXtttt'flt Ptud ta is 
ins'  offered at selectable levels 
if integration in this I orripte-
	
-	 Isi'itsive guide to postttotttttg 
and rsII.lrsiLIsil. A hill spectrumof atttoiitattotl 
prsttlus is int single axis tables, linear motor 555-
tetiss. ,tntd high speed gantry robots, provides "best 
fit" solutions for ailtont,triots applications. Parker 
l.ttiTijlfli Corp., l)sts'd.tl l)ssisissn: hI: 877-772-0205; 
e stt,ttl sIsll0()7lpsi ks't.s still: wsvss.1,lssl,ti'sl,sl.s ssttt tblf 
Parker Hannifin Corp.,
Daedal Division
For More Information Circle No. 618
.
"FLOW-THRU" 
THERMOCOUPLE 
N .tnnsar Corporation 5 proud III 
iiitrodttce a line of thermocouples 
ii tubs' and pipeline applicationts. 
I liese thermorottples come coot- 
sleteir installed in stainless steel 
tillistis. I I lit I rocouples feature ribbon ele-
it vt its ot iii tall second response times. The ribbon 
elements also eliminate conduction errors and 
thereby measure the tt-tte temperature of gases and 
liquids flowing in the pipeline. Standard units are 
available for flared tube ends, male and female pipe 
threads plus tee unions for _" to 2" O.D. tubes. Ask 
for free catalog U-i .Nanmar Corporation; Contact 
Doug Clalter at Tel: 508-872-4811; Fax: 508-879-
5150: e-ittail: grp'ttanttsar.rom; www.ttantlsac.rotn 
Nanmac Corporation
For More Information Circle No. 610 
ALUMINUM 
FRAMING SYSTEMS 
\l(() ri!lsis.isnts-sif-.i-Lniirl 
I unison strits ttnral 5's'StCtfl I 
All	 rplifv the design of sped.1 IN 
' 1 and nonstandard end it- 
s's. This system allows ctts- 
lItters to build enclosures, 
L.N
	
 .	 isis ks. or stands front 8" to 20' 
ti Slit 911 ds,i i	 lose. Features include high-
lii engtfi is!! stud tubing with 11 different integral 
flange configurations: 3 types of accessory-motttl 0 
irtg chait rtels: 7 jointittg and corner rastings, anti 
store. Request catalog 203. AMCO Engineering 
Co., Schiller Park, II.; Tel: 1-800-833-3156, 8,17-671- 
6670: Fax: 8174;71-9169: sssw..inlnc Oertglnieer iig.curii 
AMCO Engineering Co.

For More Information Circle No. 613 
1 FREE CATALOG
OF TOOLING 
L 
COMPONENTS 
ii 20)) I Reid Tool Sttpplv 
.ilog list_s jusr been released. 
dog offers over 45.000 
Its of tooling components 
-	 I eqttiplttertn. The 180-page 
is It as fsandwfteels, hatidles, 
ksiis. s,s n ,_ iod h,ill plungers, leveling pads. 
rlanti P5. set III) .ts s 555, It it's, locating devices, latches, 
hinges, tltre,td ittsr.'rts. bearings, metric iternns, atttl 
more. All items are in stock for saine-dat shipment 
ssitli no rttinirrttiurt order reqttiremt'ttr. Reid Tool 
Supply (:orrl1),sri',, 2265 Black (;reek Rd.. Muskegon , 
\ll 1011): Tel: 8)50-253-0121: Fax: 800-253-0 121: 
ssssts.t eitlisstsl.s itt 
Reid Tool Supply Company 
For More Information Circle No. 616 
DEVICE DATA 
INTO WINDOWS 
-- . APPLICATIONS 
-	 \\ iti't't rIgs' stistanitly 
serial )RS232-RS185) or 
l'( P II' data into arty 
\Vtitsfows application: Excel. 
	
•	 sit i'ss, MMIs, etc. Collect
sit fromand control 
•	 . i iges. micrometers, hal-

itt - i's. nieters, bar-code scart-
isis. ,tts.l\ LI LII., issir insists ... any devtre. Easily-per- 
liii gi Intg sit) ,stt.slssss of vottr intsrrttrntctst data in 
alit piogiani. l,tl Itch. 2027 Wallace Si., Philadelphia, 
PA 19130: Tel: 800722-6004, 215-763-7900; Fax: 215-
763-9711: www.ralnec h.connt 
Ta Ilech 
For More Information Circle No. 619
DATA 
— - ACQUISITION 
—	 PRODUCT GUIDE 
National  loot tttnni'nt'. Data 
\c stttsiuont Product Guide 
riiItres an extensive line s 
I	 ,	 1 l tC-based tools available 
/	 -	 Lit measurement and 
iii tonlation applications, 
its lstding hardware and 
liii is sIr.,.dirgital, and ttrrttng I/U, signal 
(onditioning and Slits vit's it's. image acquisition. 
tstutissnt t onti ul, and c orsiputer-hasr'd instruments. 
National Instruments; Tel: (8(11)) 327-9894 (U.S. and 
Canada) 
'
(512) 794-011)1): Fax: 'II 2) 1183-9300: 
e-mail: inslst@ni.cont: svww.nti.s ton stilts dat1 
National Instruments
For More Information Circle No. 611 
D
INTECOLOR'S NEW 
-	 SIGNA FLAT PANEL 
— MONITORS 
lrits't cliii s its_is Sigtt.t I	 & I
L,	 llat p.srtel nins_snnntor s, is all ext ellt'tss 
inidtsstt is) ,tlist tiatise to domtSinniter rttotitrtsi 5. 
Designed lot moderate industrial environments. 
the Signa Ecoittirisy features the most common PC Pt 
video connections whIt the most popular eniclossni s' 
arntf totacltscreen options. it is ideal for custoutsi 
who are willing to trade off some environmental 
specifications and features for a lower cost solution 
The Sigma monitors are offered in 15-in. and  I7-iii 
display sizes with panel and rack-mount configuia-
tions. Intecolor Cssrporaiisin, 215)) Itsggs RI 
Dttlttnit, G,'t 30096-9859: lii 	 7711 710 
www.interoloi.s out
Intecolor
For More Information Circle No. 614 
QUALITY 
COMPONENTS, 
MATERIALS 
& TOOLS 
ow	 '_OWN ,_	 I si Lt'sl ssit)i ti this Is In 
ittginteerittg	 dcstgii 
.l	 '
 
D. prototypes ,tiisl 
modeling, and protlil 
,- . I issn. Large or small 
r11t,lnttttes — alwass iii 
st,tck Miniature fasit ii 
j. .	 is, specialty colitismitts, fluid and rtioi is sir 
Is	 LI, I i,tls. and precision tools 
5 ...	 liii nd p., it isis smalls,sris.ctint, on 5 
51)0-220-Id 12.
Small Parts, Inc. 
For More Information Circle No. 626 or

Visit www.nasatech.com/626  
DATA ACQUISI-
TION CATALOG 
I) )iedft ' s Data .'scqst sI 
:alogThsficei7sr 
1V 4 ge catalog features otii 
,s,	
s innpfere line of ptu} 
Iris pictured fcsr the In 
ii inte in fill[ color. Nis 
i t,slttcts include .11 
-	 .	 I I Iterstet-based rerisi III  
il , Is). ,tsli I Is Innperantnre and sols,is 
11551 tlnitelils. .\ sissls' t atsge of data acquisitions ss 
tertis and signal conditioning options, as well Is 
IEEE 488 instruments and controllers are also it 
nstrc'd. lOtecls, list.: 'hI: 140-139-4091: Fax: 440-I 
-41)93: n'-nt,sil: s,tls'stl 5511' It sssiss: sssvss.issir't fi.sstrn 
lOtech, Inc.
For More Information Circle No. 620 
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New on 
WEB1. 
Polymers and	
- 
Chemicals 
The BayerONE (Bayer
	 - 
Online E-Business) web site -
	 - 
from Bayer Corp., Pius-
	 - 
burgh, PA, offers a portal
 
through which the co mpa-
fly's polymers and chemi-
cals customers can access 
information such as online 
ordering, forecasting, mate-
rial safety data sheets (MSDS), certificates of analysis, order tracking, 
and event notification. Customers can download reports or have them 
automatically compiled and delivered via e-mail. www.bayerone.com 
Electronics Products 
Contact Electronics, West Caldwell, NJ, has renovated its web site to 
include a Product Group Selector for linking to its online catalog, and 
a Part Number Rev Word Search feature. The online catalog includes 
the CPIC° l; LaIIu1aI, 
circular, and solenoid connec-
tors, as well as remote access 
port interface products and 
custom cable products. A 
Distributor 1,ocator feature 
provides sales information. 
Other areas provide compa-
ny, product, and trade show 
information. 
www.contactelectjonjcs.com 
Sensors and Transmitters 
A redesigned web site from 
Burns Engineering, Minne-
tonka, MN, offers listings of 
the company's line of temper-
ature sensors and transmitters, 
organized by industry. Also 
included are downioadabl( 
catalogs, configuration pro-
grams and instruction manu-
als, links to manufacturing 
representatives, and expanded 
contact information. 
www.burnsengineering.com
BURNS 
tN6IttRIN& 
Drift-free overextended range: -200 to 850°C (-328 to 
1582°F) • Excellent long-term stability • Tolerance per 
IEC 751, Class A or B • Five diameters, inch or mm 
Shock and vibration resistant 
Laboratory precision in a rugged industrial probe 
Specify for tighter control, less frequent calibration than 
thermocouples • High temperature furnaces and ovens 
TUrbine efficiency testing • Scientific apparatus 
Minco Products, Inc. 
7300 Commerce Lane / Minneapolis, MN 55432-3177 U.S.A. 
Tel: (763) 571-3121 / Fax: (763) 571-0927! wstw.minco.com
Tooling and Components
EROWA Technology, Arling-
ton Heights. IL, has updated 
its web site with a Marketplace 
---
feature that links the user to a 
ITHIM list of specially priced tooling 
and component products. The 
Marketplace is divided into 
ERO'V4 our categories: EDM tooling, 
WEDM tooling, Robotics, and 
Preset Equipment. The equip-
ment list is updated weekly, 
and also includes components from the compan y 's ITS tooling system, 
set-tip stations, pre-set stations, and EasyHand and EasyChange robots. 
www.erowatech.com 
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Nevv on the 
MARKETIN. . P. b. P. 11. 11. * P. 0. 01 01 
Desktop Visualization 
SGI, Mountain View, CA, has released the \10 and V12 Vpro graph-
ics options to its Octane2 visual workstation. The new graphics offer 
support for 48-bit red, green. blue, and alpha (RGBA) color, double-
buffered with 16-bit i-buffer. Other features include hardware accel-
eration of OpenGU 1.2 core features, hardware accelerated specular 
shading, 12-bit per-component RGBA, and configurable graphics 
memory. The Octane2 workstation is used in M(AD, visual smutlation. 
medical imaging, and geoscierices markets. Circle No. 723 
Pulse Generator 
Quantum Composers, Bozeman, Ml. un 
introduced the 9500 series multichannel 	 - - - 
digital pulse generator available in 2-. 4-. 
8-channel versions. The generators [cat ii 	 - 
20-ns resolution, RS-232 computer ni> I	 •,, 
face, selectable delay and pulsewidth, and 
the ability to gate an y or all channels. The 
units offer independent delay and width selc 1101 on >-.0 Ii Ii tin I 
well as selectable TTL/CMOS or adjustable amplitudes to IA. 
Flexible operating modes include continuous, burst, and single-shot 
with external trigger/gate. Circle No. 725 
Electronic Shielding 
Form/Met' from Shielding for Electronics, Sunnyvale, CA, is an 
electromagnetic interference (EMI) shielding product used for elec-
tronic devices. The material is based on the vacuum metalization of 
thermoformed structures designed to fit within plastic housings and 
around a printed circuit board or other substrate. It provides shield-
ing performance of up to 40-70 dB, electrical conductivity of less than 
0.2 ohms per square, and is designed to replace conductively painted 
plastic housings, gaskets, and cans for shielding electronic products. 
Circle No. 726 
Remote Charge Converter 
Endcvco Corp., San Juan Capistrano, CA, offers the Model 2771B 
remote charge converter, a two-wire, single-ended device for use with 
pie/I s'k'ctric transduiceis, transforming the transducer's high-imped-
------------------.>>ice charge output to a low-impedance 
I ltage. Frequency response is 1 to 40 
LI-li, and operation is within a range of 4 
to 20 mA. The system has the ability to 
store and recall TEDS (Transducer 
Electronic Data Sheet) data, reducing test 
set-up time. Circle No. 727 
Process Controller 
The CN1462 microprocessor-based single-loop process controller 
from OMEGA Engineering, Stamford, CT, fc'aiiu es 1)1 giartititahlr set-
point profile programs. The unit cali execute 
one of eight setpoint programs or operate as 
basic process controller using manual setpoiuut 
changes. Programs have an adjustable rangc'> >1 
I to 16 segments. Each segment can he a rallijI. 
soak, join, or end. The device is used to coot> 1>1 
or program temperature or other process sail-
ables. The unit is available with two 4-20inA (uncut outputs I>>> >>>n-
trol and a third current output lot- retransmissi no. ( ) tltcn fiatuies 
include universal sensor inputs. a 90-264 VAC power suppl y, and pro-
grammable display. Circle No. 728 
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Sensor Signals at 50MB/s 
with our Portable daqPC 
Up to 
128 channels 
o,	
IGO	JpJ8oseT 
doql"L	 -
Network 
An 'Open Architecture' PC that 
Acquires, Archives and Networks 
Analog Sensor Signals in Real-Time 
-INTERACTIVE 
CIRCUITS AND 
SYSTEMS LTD 
Nothing Else Come5 Close 
For More Information Circle No. 438 
For More Information Circle No, 440
For More Information Circle No. 441 
I Adhesives, Sealants & Coati
New on 
DISK. 0 01 0 P. 0 0 0 11- 1- 0 11- P. 0 1. 11. 0 
Solid Modeling 
SolidWc)rks 2001 solid mod-
eling software from SolidWork 
Corp.. Concord. MA, features ,t 
"heads-up" user interface con-
sisting of visual display and 
mouse-driven control capabili-
ties that reduce design steps. 
minimize dialog boxes, and 
reduce visual clutter. Enhanced 
drag handles let users make edits without olsirig on i In (Iltig ('lilly 
of parameters. Other features include it tRW iiiudc tot creating 21) 
geometry, new sheetmetal capabilities, enhanced surfacing tools, and 
the ability to mirror components in an assembly. Also included are a 
new import wizard for 1)WG/1)XF files, 31) Instant Website that lets 
users instantly create and publish live web pages with SolidWorks mod-
els, and 31) Meeting, which lets users view and collaborate in real time 
over the Internet. Circle No. 708
CAD/CAM/CAE 
Version 5 Release 5 of 
LATIA CAD software from 
Dassault Systemes and IBM, 
\inionk, NY, incorporates ten 
iiew products. The program is 
,isailahle on both Windows 
and UNIX platforms, and 
includes a new mold tooling 
product that allows creation 
and associatise inditicanon of mold tooling by using libraries ofstan-
dard coin ponenis. Enhancer! capabilities in welding and tolerance, 
sfieetrnetal production, freestyle sketching, shape design and styling, 
and machining are included. Circle No. 709 
SMP Library 
Numerical Algorithms Group, Downers Grove, II., offers the NAG 
Fortran SMP I.ibrary, which includes more than 220 routines opti-
mized to maximize performance on shared memory parallel (SMP) 
systems. The software contains 123 newl y enhanced routines covering 
ODEs, PDEs, optimization, and multivariate statistics. A new feature 
contains 40 parallelized Random Number Generators that can he 
applied in large-scale simulations. Circle No. 711 
Simulation and Analysis 
NSYS 5.7 simulation and analysis software from ANSYS. 
Canonsburg, PA, allows user I 
ulate single and complex 
multi-physical phenomena 
With the software's Prob a-
bilistic Design Syste m 	 4 
finite element analysi's input 
address how produ(l^
1 
hehasein real-world coud	 " - 
ions. Other features hi- 
bide a shared men to 
olsci and a distributed 
memory solver, th( Y] 	 Itnia it I	 uI,u t MI (I I )it ed nat	 al 
models for analyzing Ii' 	 elasticity, plastic ity, and viscoplasticity-i dat-

d designs. Circle No. 712 
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Self-Calibrating Indicator 
Sensotec, Columbus, OH, offers a brochure 
detailing the SC series of self-calibrating, digital 
transducer indicators. The five new models 
contain plug-in signal conditioner cards and 
application-specific programs, and can accom-
modate up to 14 plug-in signal conditioner 
cards. The indicators offer an optional quad-
line version and five different calibration 
methods. Circle No. 716 
ords and Cordsets 
\ six-page brochure describing lnterpower 
'i huko molded cords and cordsets is available 
from Panel Components Corp., Oskaloosa, IA. 
I he brochure describes both straight and angled 
lugs, with straight and angled lEG 60320 03 IL and 09 connectors. The cords and cordsets are ,is,til,thle in a variety of lengths. Circle No. 717 
Shaft Couplings 
. Servonieter Corp., Cedar Grove, NJ, offers a 
six-page brochure illustrating SMC zero-backlash 
lexible shaft couplings that absorb angular and 
-. - parallel misalignments in combination with axial 
movements. The joints are used for coupling to 
encoders and resolvers in precision positioning 
applications. Circle No. 719 
Machinery Automation 
A CD-ROM from ORMEC, Rochester. NY. 
examines industrial networking for autota-
tion machinery builders. The presentatims 
provide an overview of industrial PC-based 
controllers and the company's ServoWire 
drive technology. The CD includes an 
archive of articles, application stories, and 
technical information. Circle No. 720
New	 Editorial Index
	 I 
Use the Web addresses listed below to obtain more information from the LITERATURE,, p	 following companies featured editorially in this issue. 
Dcme and Ball Lead Screws 
A 48-page catalog on acme and ball lead screws 
.i is been released byTechno-Isel, New Hyde Park, 
NY The catalog features more than 950 compo- 
Hents for linear systems, automated production 
.sIenis, inspection machinery, and other prod- 
ucts that require linear motion. A 15-page techni- 
al data section covers the sizing and selection 
process for lead and ball screws. Circle No. 715
Company	 Web Site	 Circle# Page# 
ANSYS ........................................www.ansvs.com
 ............................712 ..........84 
AVX Corp...................................www.avxcorp.com
 ........................751 ..........38 
Endevco Corp...........................www.endevco.com ........................727 ..........83 
Fabreeka ....................................www.fabreeka.com
 ......................718 ..........85 
Gage Applied	 ............................www.gage-applied.com
 ................ 704 ..........48 
IBM............................................ www.ibm.com	 .............................. 709..........84 
Intelligent Instrumentation www.instrument.com
 .................. 700 ..........48 
The MathWorks ........................ www.mathworks.com .................................... 36 
Microstar Laboratories ............ www.rnstarlahs.com ...................... 703 ..........48 
National Instruments................www.ni.com	 .................................................. 42 
Numerical Algorithms 
Group......................................www.nag.com ................................ 711 ..........84 
OMEGA Engineering ..............www.omega.com
 .......................... 728..........83 
ORMEC...................................... www.ormec.com
 .......................... 720 ..........85 
Panel Components Corp......... www.interpower.com	 .................. 717..........85
Vibration/Shock Control	 =--- - 
Fabreeka, Stoughton, MA, has released a
	 Quantum Composers................www.quantumcomposers.com ....725 ..........83 
brochure on vibration and shock control solutions. 
including Fabreeka Pads, Fabcel, and other Sensotec www.sensotec.com
 ......................716..........85 
padding materials for placement under most types 
of equipment. Also described are engineered svs-
Servometer Corp.......................www.servometer.com
 ..................719 ..........85 tems for vibration and shock control in test stands, 
machine tools, and lab equipment. Circle No. 718
SGI..............................................www.sgi.com
 ................................723 ..........83 
Shielding for 
Electronics ......................www.shieldingforelectronics.com
 ......726..........83 
SKF..............................................www.skfcm.com ............................702 ..........48 
SolidWorks Corp.......................www.solidworks.com ....................708 ..........84 
Swales Aerospace ......................www.swales.com ............................750 ...........38 
TAL Technologies ....................www.taltech.com
 ..........................705 ..........48 
Techno-Isel ................................www.techno-isel.com
 ..................715 ..........85 
\'eriteq Instruments ..................www.veriteq.com
 ..........................701 ..........48 
Wavetek Meterinan 
Test Tools................................www.metermantesttools.com
 ......756 ..........16 
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